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ABSTRACT 

'1 

This  report  presents  the  results  of  1/15  scale  model  tests  conducted 
a)  to  verify  the  acoustical  and  cooling  air  pumping  performance  of  a  full-scale, 
in  aircraft,  Hush  House  type  of  dry  sound  suppressor  designed  for  the  F-14 
aircraft,  and  b)  to  provide  additional  design  information  usable  for  future 

Hush  House  suppressor  designs.  The  model  was  fabricated  and  tested  by 

O'' 

FlulDyne  Engineering  Corporation^  Minneapolis,  Minnesota  for  the  United 
States  Navy  under  Navy  Contract  N62467-74-C-490 .  ..  Testing  took  place  in 
FluiDyne's  Medicine  Lake  Laboratory,  utilizing  an  arrangement  of  two  rever¬ 
berant  rooms  for  sound  power  level,  PWL,  measurements;  one  representing 
the  Hush  House  interior,  and  the  other  representing  the  out-of-doors  .  The 
design  of  the  reverberant  rooms,  the  design  of  the  model  scale  sound  absorbing 
surfaces,  and  the  measurement  and  analysis  of  noise  data  were  carried  out  by 
personnel  from  Bolt,  Beranek  and  Newman,  Waltham,  Massachusetts.  Coordina¬ 
tion  in  putting  together  the  final  report  was  provided  by  Gustav  Getter  Asso¬ 
ciates,  P.  C.,  New  Rochelle,  New  York . 

/’The  test  program  was  divided  into  four  parts;  a  jet  survey,  aero-acoustic 
testing,  aero-thermal  testing,  and  acoustic  testing.  '''‘'During  the  Jet  survey, 
the  noise  and  free  jet  mixing  characteristics  of  the  1/15  scale  model  F-14A 
afterburning  nozzle  configuration  were  measured  at  nozzle  pressure  ratios  of 
2  and  3  and  at  Jet  stagnation  temperatures  of  nominally  0,  2000  and  3000°F. 

The  prime  purpose  of  the  aero-acoustic  testing  was  to  obtain  a ugmenter  secon¬ 
dary  air  pumping  performance  data  with  different  augmenter  diameters,  as  well 
as  information  regarding  aero-acoustic  noise  reduction  in  what  is  essentially 
an  ejector  configuration.  During  the  aero-thermal  test  program,  the  jet  nozzle 
was  moved  and  deflected  laterally  and  vertically  from  the  centerline  of  an 
acoustically  lined  obround  augmenter  whose  cross-section  simulated  at  1/15 
scale  the  NAS  Miramar  sound  suppressor.  The  principal  measurements  taken 
were  augmenter  wall  temperatures,  as  well  as  noise  data  from  which  the  in¬ 
fluence  of  nozzle  position  and  deflection  on  noise  reduction  could  be  deter¬ 
mined.  The  effect  of  the  variables  on  augmenter  pumping  was  also  determined  . 
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The  acoustic  testing  was  mainly  concerned  with  (1)  the  noise  reduction 
achievable  for  different  lengths  of  lined  augmenter  with  and  without  a  45° 
absorptive  exit  ramp,  (2)  the  noise  reduction  with  different  augmenter  liner 
designs,  (3)  the  acoustic  performance  of  a  one-foot  length  of  lined  augmenter 
at  various  axial  locations  in  a  length  of  hard-walled  augmenter,  and  (4)  the 
acoustical  performance  of  a  configuration  made  up  of  a  hard-walled  obround 
augmenter,  subsonic  diffuser,  and  stack  with  sound-absorbing  baffles  which 
was  tested  for  comparison  with  the  Miramar  suppressor  configuration.  Addi¬ 
tional  information  was  also  obtained  regarding  pumping  performance  and  wall 
temperature . 

Test  results  indicate  that  adequate  cooling  air  pumping  is  not  a  problem, 
per  se,  but  an  off-center,  deflected  jet  corresponding  to  the  F-14  configuration 
results  in  high  augmenter  wall  temperatures.  Noise  measurements  on  the  full 
length  acoustically  lined  augmenter  model  indicate  that,  with  the  F-14A,  the 
full-scale  NAS  Miramar  suppressor  will  meet  85  dBA  at  250  feet  from  the  engine 
exhaust  with  the  possible  exception  of  a  small  region  axially  downstream  of 
the  ramp.  The  noise  reduction  afforded  by  stack  and  baffles  configuration 
was  poorer  than  that  provided  by  the  full  length  acoustically  lined  augmenter 
especially  at  low  frequencies. 

In  addition  to  the  customary  analysis  of  the  test  data,  the  basic  data 
have  been  correlated  and  condensed  in  a  separate  report  section  as  a  design 
tool  for  future  Hush  Houses.  The  graphs  associated  with  this  section  permit 
augmenter  sizing  which  will  result  in  acceptable  augmenter  wall  temperatures 
and  noise  levels . 
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AA 

aam 

ad 

ant 
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PM 
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SM 

A/R 

ARP 

D 

D. 


AM 

N 

NT 


D 

mw 

mw 

mw 


air 

N 


amb 

D 

bar 
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BE 


EE 


Pinlet 

p 

interior 


Area 

Choked  throat  area  (M  =  1.0) 

Augmenter  cross-sectional  area 

Primary  burner  air  meter  throat  area 

Subsonic  diffuser  exit  area 

Jet  nozzle  throat  area 

Pilot  burner  air  meter  throat  area 

Secondary  air  meter  throat  area 

Aspect  ratio  of  augmenter  cross-section 

Augmentation  ratio  parameter  (see  eqn.  6.2.2  page  109) 

Diameter 

Augmenter  cross-sectional  diameter 

Effective  diameter  of  obround  augmenter  =  yj 4  A^/ n 

Jet  nozzle  exit  diameter 
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Length 
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(PA)  Static  pressure  outside  of  Hush  House 
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(PSEC)  Burner  enclosure  interior  pressure  during  model  tests 

corresponding  to  Hush  House  interior  pressure 

(PAMB)  Exhaust  enclosure  pressure  during  model  tests 

corresponding  to  Hush  House  outside  ambient  pressure 

Hush  House  air  inlet  static  pressure 

Hush  House  interior  static  pressure 
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NB 

3NB, 


shell 

?SM 
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wall 
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exit 


lflow 

CN 

rPM 
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ramp 

rsec 

rSM 

NT 

a  mb 
BE 


lEE 


mix 
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ramp 

'wall 

''wall 


Jet  nozzle  base  pressure 

Jet  nozzle  base  pressure  parameter  (see  eqn.  6.3.3  and  6.3.4,  page  111) 

Pressure  parameter  (see  eqn.  6. 3. 2,  page  111) 
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Augmenter  plus  ramp  or  augmenter  plus  diffuser  exit  total  pressure 
(usually  equal  to  Pambient) 

Hush  House  interior  flow  total  pressure 

(PTN)  Jet  nozzle  inlet  total  pressure 

(PTPM)  Pilot  burner  air  meter  inlet  total  pressure 

Ramp  exit  total  pressure  | 

(PSEC)  Secondary  (pumped)  air  flow  total  pressure 

(PTSM)  Secondary  air  meter  inlet  total  pressure 
Radius 

Jet  nozzle  throat  radius 
Absolute  temperature 

Hush  House  external  ambient  temperature 
(TAMB)  Burner  enclosure  air  temperature  during  model  tests 
corresponding  to  Hush  House  external  ambient  temperature 
Exhaust  enclosure  air  temperature  during  model  tests 
(used  in  the  analysis  of  acoustical  data) 

Average  mixed  temperature  of  Jet  and  pumped  flows 

Average  mixed  temperature  parameter 
Ramp  surface  temperature 
Augmenter  wall  temperature 

Augmenter  wall  temperature  parameter  (see  eqn.  6.4.4<page  112) 

Total  temperature  | 
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AM 


LN 


PM 


SM 


V 


V 

vmix  avg 

V  . 

,mix  max 
W 


(TTAM)  Primary  burner  air  meter  inlet  total  temperature 

(TTN)  Jet  nozzle  total  temperature 

Pilot  burner  air  meter  inlet  total  temperature 

(TTSM)  Secondary  air  meter  inlet  total  temperature 
Velocity 

D 

Ideal  jet  velocity  expanded  from  T,.  to  P  , 

N  a  mb 


W,  , 
.  fuel 


Average  mixed  velocity  in  augmenter 

Maximum  measured  core  velocity  some  distance  from  jet  nozzle  exit 
Mass  flow  rate 
^aircraft  Aircraft  engine  exhaust  mass  flow  rate 

Wair  meters  Sum  of  primary  and  pilot  air  meter  mass  flow  rates  during  model  tests 
Fuel  mass  flow  rate  during  model  tests 
Total  Hush  House  inlet  mass  flow  rate 

(WN)  Jet  nozzle  mass  flow  rate  from  model  tests  corresponding  to 
aircraft  engine  exhaust  mass  flow  rate 
(WS)  Secondary  (pumped)  air  mass  flow  rate 
Axial  location 
Axial  location  in  augmenter 

Axial  distance  between  jet  nozzle  exit  and  augmenter  entrance 
Lateral  distance  from  jet  nozzle  centerline  at  nozzle  exit  to  nearest 
augmenter  wall 


W 

W 


inlet 

N 


W 


pumped 


N 


CTR 


Lateral  distance  from  augmenter  center  to  augmenter  wall 


Nozzle  centerline  lateral  position  parameter  = 


Y 


NT 


YCTR"rNT 


JCTR 


Vertical  distance  from  Jet  nozzle  centerline  at  nozzle  exit  to 
nearest  augmenter  wall 

Vertical  distance  from  augmenter  center  to  augmenter  wall 


Nozzle  centerline  vertical  position  parameter  = 


NT 


ZCTR~ rNT 


a 

ac 


V 

''N 


Angle 

Angle  of  lateral  (sidewise)  Jet  deflection 
Angle  of  vertical  Jet  deflection 

Jet  nozzle  pressure  ratio  (see  eqn  6.1.1,  page  105) 
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DEFINITION  OF  ACOUSTIC  SYMBOLS 


a 


a  f  ■> 

UoA 

PI 


Pound  absorption  coefficient 

Density  of  jot  exhaust  .-as  at  exit,  plane 

Density  of  ambient  temperature  air 

'boundary  layer  thickness 

Decibel 

A-weirhted  sound  level 

Directivity  correction  in  do  for  sound  pro 
parallel  to  the  ground 

Frequency  of  sound 

Full-scale  frequency 

Model-scale  frequency 

Frequency  at  which  a  spectrum  of  sound  pew 
level  peaks 

Herts,  unit  cf  frequency 

No- flow  attenuation  of  lined  a u rrr. e n ter  ••  e a 
with  loudspeaker  excitatior: 

Total  attenuation  of  .let  noise  by  the  lino 
aunmenter,  dr 

J e t;  n o nr  1  e  pi- ? s s u r e  ra t  i o 

Scale  factor  (  ful  1 -scale  di'  ensi  sn  i  *  .ode  1 
dimension ) 


Directivity  an ole 
centerline  of  exit 


•wjts t  rear. 


NR 


Noise  reduction  for  souru  :  r  ■  a -tat  i  r.~  from, 
into  an  adjacent  room,  1L5 
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1 


PWL. 


1  IV 


rv.’T, 

'  CUT  i  ■■■’ 


■•'I 


a  f  i 


APWL„ 


Sound  :  -i'  :  t  ■  v ■  i,  JI  rv  :  0~ 1  2  watt 

At. i  eriu.v  .-a  .--onnd  power  level  of  Tiv  jet 

Unfit,  t  •-•rant  *.•  i  c.  '.und  r  c-we-r  1 «.  v 1  of  the  free  j  ei. 


>oun 


r  r.  T 


r-u  i 


j  et 


ensur-M  ;'  )ij rn  n.  v.vr  level  of  a  model  jet 
norm. a  line- *:  c  ci;  i  ;  cv;--r-  level  of  a  full-scale  .jet 
Forma  li  :o -d  sound  rovo.-r  level  of  a  nod  el  jet 


found  power  level  exitin'  from  downstream  end  of 
am-vrn  v  (with  ramp  ) 


f  -und  power  level  •.  f  self-renerated  noise  of 
•-e.je.ment.er  (i.e.,  noise  -enerated  by  flow  of  air; 
not  primary  jet.  noise) 


Measured  difference 

power  level  FWL„ 

free 

PV.'L 


between  total  free  jet  sound 
and  sound  cower  level  at  the 


au'-menter  exit 


outlet : 


baseline  APWL  in  di-  for  the  condition  ,.--=k  in 
no  ssl  e  at  F-1.4  position  ( Yp=  7 .  Vj.  )  ;  72-iri.  PPM 
obround  augment  or  with  lir.c-i  -5°  exit,  ramp;  e 
obround  austmenter  diameter  ~’f  If  in.;  ?„  =  520 
and  f 3 0 0 ° R ;  and  >.,=  2  and  f. 


5 


I 


APWL. 


s 


Shift  of  sound  power  level  spectrum  as  derived 
in  Eq.  2.3.1 


APWLj 


Correction  to  APWL  in  d?  for  lenrth  of  lined 
auqmenter  different  from.  7°  in.  (model-scale) 


APWL 

2 


Correction  to  APWL  in  dR  for  effective  diameter  of 
obround  au.cmenter  different  from  12  in.  (model-scale) 


APWL 

3 


Correction  to  APWL  in  dP  for  center  position  of  jet 
nozzle 


APWL  Correction  to  APWL  in  dP  for  radial  or  lateral 

position  of  the  nozzle  different  from  the  F-14 
position  (Yp=0.i(5,  or  model-scale  nozzle  3.6  in 
rittht  of  the  centerline) 
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Correction  to  &PWL  in  db  for  angular  alignment: 
Distance  from  au.rnentcr  exit,  ft 


Strouhal  number  = 


Peak  Strouhal  number  = 


Sound  pressure  level,  dB  re  0.00C?  dyne/cm2 
Room-average  3PL 

Room-averar,e  SPL  produced  by  the  reference  sound 
source 

Total  jet  noxsle  temperature  in  0  Rank ine 

Reverberation  time;  time  in  seconds  for  SPL  in  a 
room  to  der~y  60  dB 

Effective  ramp  flow  velocity 

Jet  exit  Velocity- 

Velocity 

Arbitrary  reference  velocity 

Velocity  of  flow  from  augmenter  exit 

Maximum  velocity  of  mixed  jet  flow  at  exit 

Jet  velocity 

Room  volume,  m3 

Acoustic  power,  watts 

Acoustic  power  of  attenuated  jet  noise  at  augmenter 
exit 

Acoustic  power  at  augmenter  exit  =  W  +  W 

A  J  o  N 

Acoustic  power  of  self-generated  noise  at  augmenter 
exit 
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1.0  INTRODUCTION 


1 . 1  Historical  Background 

In  the  United  States,  ground  run-up  sound  suppressor  installations  for 
jet  aircraft  or  isolated  engines  having  afterburners  have  been  primarily  of  the 
wet-cooling  type  and  mostly  jet  engine  (out-of-airframe)  test  cells  and  portable 
sound  suppressors  or  semi-enclosures  for  in-airframe  run-up  (for  an  early 
example  of  a  dry-cooled  semi-enclosure,  see  Reference  A/T-l).  These 
approaches  have  a  number  of  disadvantages.  With  wet-cooling,  the  sup¬ 
pressor  exhaust  includes  water  vapor,  raw  fuel  and  free  carbon  when  the 
afterburner  is  fired,  because  the  water  spray  quenches  the  flame.  Thus, 
an  unsightly  vapor  cloud  is  presented  and  pollutants  may  deposit  on  parked 
cars  and  buildings.  This  sooty  vapor  has  a  deleterious  effect  on  some  types 
of  acoustical  treatment. 

Portable  in-airframe  run-up  sound  suppressors  or  semi-enclosures  have 
problems  apart  from  those  created  by  wet-cooling,  and  the  noise  reduction 
affordable  by  such  installations  is  limited.  These  suppressors  are  designed 
to  seal  around  one  aircraft  type  and  are  not  adaptable  .  The  requirement  for 
acoustical  sealing  creates  a  requirement  for  accurate  positioning  of  the  aircraft 
relative  to  the  suppressor.  Even  with  careful  positioning,  some  of  the  jet 
noise  and  inlet  noise  leaks  through  the  seals  between  the  aircraft  and  the 
exhaust  sound  suppressor  and  inlet  sound  suppressor.  Furthermore,  a  large 
portion  of  the  aircraft  is  not  enclosed,  so  casing  noise  is  usually  unattenuated . 

In  about  1966  the  Swedish,  firm,  n  ranges  Nyby ,  designed  a  complete  air¬ 
craft  acoustical  enclosure,  or  Hush  House,  for  the  SAAB  Draken  aircraft.  Th.s 
enclosure  employed  an  acoustically-treated  augmenter  tube  which  was  sired  so 
that  the  momentum  flux  of  the  aircraft's  exhaust  jet  would  pump  enough  outside 
air  through  the  enclosure  to  cool  the  exhaust  gases  and  eliminate  the  need  for 
water  spray.  More  recently,  this  same  firm  has  provided  similar  Hush  Houses 
for  the  SAAB  Viggen  and  F-4K  Phantom  airplanes.  These  enclosures  or  Hush 
Houses  have  had  good  acceptance  by  their  users  .  Positioning  of  the  aircraft 
is  not  difficult;  both  outside  and  inside  sound  levels  are  acceptable;  the  aircraft 
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enclosures  provide  a  lighted,  all-weather,  24  hour-a-day  place  to  work  on 
the  aircraft;  and  the  installations  have  exhibited  a  good  service  life.  Further¬ 
more,  this  dry-cooled  Hush  House  concept  can  be  designed  so  as  to  be  adaptable 
to  several  aircraft  types.  This  comes  about  because  there  is  no  need  for  close 
alignment,  close  axial  spacing  or  sealing  between  the  nozzle  exit  and  the  much 
larger  augmenter  entrance.  Consequently,  if  one  designs  a  Hush  House  for 
the  largest  in  a  series  of  aircraft,  simple  mechanical  contrivances  (nose  wheel 
elevator,  for  example)  can  be  used  to  adapt  to  smaller  aircraft  which  will  fit  in 
the  enclosure. 

The  Hush  House  approach  is  not  inexpensive.  However,  if  one  adds  up 
the  advantages  of  adaptability,  usefulness  as  an  all-weather,  24  hour-a-day 
enclosure  for  the  aircraft  for  secondary  tasks  other  than  run-up,  acceptability 
of  the  interior  environment  for  making  adjustments  to  the  engines  while  operating 
in  the  aircraft,  potential  low  maintenance,  etc.,  these  enclosures  may  be  more 
cost  effective  than  less  expensive  sound  suppressor  concepts  .  The  substitution 
of  dry-cooling  for  water  spray  cooling  ameliorates  a  growing  confrontation  in 
the  area  of  pollution  control  and  is  certainly  more  cost  effective  than  the  more 
sophisticated  wet-cooled  systems  having  scrubbers  and  their  associated  water 
treatment  facilities  .  The  United  States  Navy  has  recognized  these  Hush  House 
advantages  (see  Reference  A/T-2)  and  for  several  years  has  shown  an  interest 
in  pursuing  this  approach  by  on-site  inspection  and  evaluation  of  the  European 
Hush  Houses  and  by  support  of  cost  studies  such  as  the  one  by  Gustav  Getter 
Associates  reported  in  Reference  A/T-3  .  That  study  provided  cost  estimates 
for  portable  in-aircraft  sound  suppressors  and  semi-enclosures,  as  well  as  , 
complete  aircraft  enclosures  both  dry  and  wet.  For  complete  Hush  House 
enclosures,  the  results  indicated  a  lower  long-term  cost  for  the  dry  suppressor 
approach.  In  addition,  a  dry  suppressor  using  an  acoustically  lined  augmenter 
appeared  to  be  less  expensive  than  one  which  employed  a  hard-walled  augmenter 
with  sound  absorptive  baffles  in  a  vertical  exhaust  stack.  The  Gustav  Getter 
Associates  study  report  also  recommended  that  a  model  study  be  performed  to 
provide  acoustical  and  aerodynamic/thermodynamic  data  usable  in  designing 
Hush  Houses  and  their  sound  suppressors. 
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1 .2  Parallel  Model  Test  and  Full-Scale  Hush  House  Construction  Programs 

Subsequent  to  the  publication  of  the  Gustav  Getter  Associates  study 
report,  two  things  have  transpired:  1)  a  full-scale  Hush  House  for  the  F-14 

has  been  designed  by  Gustav  Getter  Associates  and  constructed  at  NAS  Miramar, 
California,  with  checkout  taking  place  during  August  and  September,  1975  (see 
Figure  1.2-1).  This  Hush  House  was  designed  with  no  model  test  results  or 
in-house  experience  for  guidance.  2)  A  1/15  scale  model  test  program  has 
been  funded  by  the  United  States  Navy  and  carried  out  by  FluiDyne  Engineering 
Corporation,  Minneapolis,  Minnesota,  with  support  from  Bolt,  Beranek  and 
Newman,  Waltham,  Massachusetts,  and  Gustav  Getter  Associates  P.C.,  New 
Rochelle,  New  York.  The  results  of  the  model  study  are  the  principal  subject 
of  this  report.  Both  the  full-scale  F-14  Hush  House  and  the  related  model  test 
program  envisioned  the  following  Hush  House  attributes: 

1.  convenience  of  use  (aircraft  easily  installed  and  completely 
protected  from  the  weather;  adequately  lighted  working  area); 

2.  multi-aircraft  use  capability  (including  the  F-14  having  nine 
feet  between  engine  exhaust  centerlines  and  a  one  degree 
lateral  inclination  of  each  engine's  thrust  axis;  y  =  0.45, 

as  =  10>; 

3 .  all  air-cooled  (even  with  an  engine  operating  in  maximum 
afterb.’  ning  mode); 

4.  low  maintenance  (structural  and  acoustical  material  out  of 
the  direct  Jet  blast  and,  as  much  as  possible,  out  of  the 
hot  mixed  core  flow); 

5.  significant  outdoor  noise  reduction  (85  dBA  permitted 
at  250  ft.  from  the  aircraft  exhaust); 
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6.  interior  noise  acceptable  for  working  around  the  aircraft 
during  run-up  with  only  normal  ear  protection  (interior 
noise  level  no  greater  than  2  dBA  above  the  corresponding 
aircraft  free  field  noise) . 

The  model  test  program  reported  herein  was  not  a  general  research  program, 
but  was  designed  to  provide  data  directly  correlatable  with  the  full-scale  NAS 
Miramar  Hush  House.  Enough  variables  were  run,  however,  so  that  information 
is  available  not  only  for  correlation  with  the  performance  of  the  Miramar  Hush 
House,  but  also  for  more  effective  design  of  future  Hush  Houses  and  for  guiding 
modifications  to  the  present  Miramar  F-14A  design,  which  might  be  required  to 
bring  its  performance  up  to  specification. 

In  addition  to  the  FluiDyne  employees  who  ran  the  tests  and  Mr.  Douglas 
Andersen  of  Bolt,  Beranek  &  Newman  who  set  up,  calibrated  and  operated  the 
sound  pressure  level  recording  apparatus  during  the  entire  test  program,  the 
following  people  connected  with  this  program  or  the  Miramar  Hush  House  project 
were  among  those  who  observed  the  test  equipment  and  witnessed  one  or  more  runs  . 

Mr.  Robert  E.  Foster,  United  States  Navy,  Charleston, 

South  Carolina  (Project  Design  Engineer) 

Mr.  Meyer  Lepor,  United  States  Navy,  San  Diego,  California 

Dr.  Wayne  Sule,  United  States  Navy,  Lakehurst,  New  Jersey 

Dr.  Istvan  L.  Ver  of  Bolt,  Beranek  &  Newman,  Waltham, 

Massachusetts  (Chief  Acoustician) 

Mr.  Gustav  Getter  of  Gustav  Getter  Associates,  P.  C. 

New  Rochelle,  New  York  (Report  and  Data  Coordinator) 
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2.0  BRIEF  TEST  PROGRAM  DESCRIPTION,  DESIGN  DATA  SUMMARY 
AND  PREDICTION  OF  FULL  SCALE  HUSH  HOUSE  PERFORMANCE 


For  the  test  program,  the  aircraft  jet  exhaust  was  simulated  by  a  propane 
air  burner  with  3000 °F  maximum  combustion  temperature  and  a  jet  nozzle  having 
throat  diameter,  D^  ,  and  exit  diameter,  D^  ,  sized  at  1/15  of  the  after¬ 
burning  F-14A  nozzle  configuration  (D^  =  2  .50",  D^  =  2  .74"  on  the  model) . 
The  testing  was  carried  out  using  two  reverberant  rooms  separated  by  a  sound 
insulating  wall,  as  shown  in  Figure  2.0-1  below,  to  facilitate  sound  power  level 
measurements.  One  room,  referred  to  here 


Figure  2.0-1.  Arrangement  of  the  Reverberant  Rooms 
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as  the  burner  enclosure,  corresponds  to  the  Hush  House  interior.  The  other 
room,  the  exhaust  enclosure,  corresponds  to  the  out-of-doors.  Space-time- 
average  sound  pressure  level  data  were  recorded  in  both  enclosures  for  essen¬ 
tially  every  test  run  in  the  program  using  traversing  microphones .  With  the 
rooms  suitably  calibrated  acoustically  using  a  standard  noise  source,  the  space- 
average  sound  pressure  level  data  were  converted  into  sound  power  levels  .  The 
burner  enclosure  is  equipped  with  a  venturi  meter  air  inlet  to  measure  the  pumped 
air  flow  and  the  exhaust  enclosure  is  provided  with  suitable  ports  for  the  flow 
to  exit. 

The  test  program  was  designed  to  provide  information  in  three  principal 
areas  which  are  interrelated  and  have  direct  applicability  to  dry  sound  suppressor 
design,  namely:  augmenter  pumping  (augmentation  ratio);  jet  impingement  and 
augmenter  wall  temperature;  and  sound  absorptive  augmenter  noise  reduction 
performance.  Consequently,  the  test  program  was  divided  into  four  parts, 
each  with  its  own  primary  emphasis: 

1.  jet  survey  testing, 

2.  aero-acoustic  testing, 

3.  aero-thermal  testing,  and 

4.  acoustic  testing. 

2.0.1  let  Survey  Testing  (Test  Series  1  through  3) 

The  Jet  survey  tests  emphasised  noise  measurements  on  the  free  model 
scale  exhaust  Jet.  The  resulting  model  scale  noise  corresponded  to  the  free- 
field  aircraft  exhaust  noise.  Total  pressure  and  temperature  surveys  of  the 
mixing  free  Jet  were  also  made,  as  illustrated  in  Figure  2  .0-2  below. 
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Figure  2  .0-2  .  Experimental  Arrangement  for  the  Jet  Survey  Tests 
2.0.2  Aero-Acoustic  Testing  (Test  Series  4  through  12) 


The  aero-acoustic  tests,  as  illustrated  in  Figure  2.0-3,  primarily 
emphasized  augmenter  pumping  performance  and  secondarily,  noise  reduction 
for  round  hard-walled  ejector  environments.  Variables  included  augmenter 
diameter  (from  8"  to  17.5"),  augmenter  length  (from  36"  to  120"),  Jet  nozzle 
exit  to  augmenter  entrance  spacing  and  a  subsonic  diffuser.  Different  augmenter 


Figure  2  .0-3  .  Experimental  Arrangement  for  the  Aero-Acoustic  Tests 
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2.0.3  Aero-Thermal  Testing  (Test  Series  13  through  16) 


The  aero-thermal  testing,  Figure  2.0-4,  concentrated  on  jet  impingement 

and  resulting  wall  temperatures  when  the  jet  axis  was  translated  or  deflected 

either  vertically  or  horizontally  from  the  centered,  aligned  position  in  a  sound 

absorbing  obround  augmenter  modelling  the  Miramar  configuration  at  1/15  scale. 

An  important  secondary  requirement  was  the  determination  of  the  effect  of  jet 

offset  and  inclination  on  the  noise  reduction  afforded  by  the  sound  absorbing 

liner.  Lateral  jet  position,  Y  ,  vertical  jet  position,  Z  ,  and  vertical 

P  P 

and  lateral  jet  deflection,  and  were  the  geometric  variables  in  these 

tests.  The  definitions  of  Y  and  Z  are  given  with  Figure  2.0-4  below. 
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Figure  2.0-4.  Experimental  Arrangement  for  Aero-Thermal  Testing 
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2.0.4  Acoustic  Testing  (Test  Series  17  through  26) 

The  aim  of  the  acoustic  testing  was  to  obtain  the  reduction  in  sound  power 
level  of  various  lined  augmenter  configurations,  as  illustrated  in  Figure  2.0-5. 
The  reduction  in  sound  power  level,  APWL,  is  defined  as  the  difference  in  sound 
power  level  in  the  exhaust  enclosure  measured  with  the  free  jet  and  with  the 
lined  augmenter  configuration,  respectively.  The  exhaust  configurations 
investigated  included: 

1.  the  two  different  absorbing  liner  designs  of  Figure  2  .0-5, 
one  of  them  simulating  the  full-scale  Miramar  augmenter 
liner  and  the  other  an  alternative  design; 

2.  different  lengths  of  lined  augmenter  up  to  96  in.  with 
and  without  a  sound  absorbing  45°  deflector  ramp; 

3  .  a  one-foot  length  of  absorptive  augmenter  placed  at 
different  downstream  positions  in  an  otherwise  hard- 
walled  augmenter  tube;  and 

4.  the  hard-walled  augmenter  with  subsonic  diffuser. turning 
vanes  and  stack  filled  with  parallel  sound  absorbing 
baffles  configuration,  as  shown  in  Figure  2.0-6.  This 
configuration  represented  an  alternative  concept  to  the 
lined  augmenter  configuration . 
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Figure  2  .0-5  .  Experimental  Arrangement  for  the  Acoustic  Tests 
with  the  Lined  Augmer.ter  Tube 


The  majority  of  the  test  variables  are  shown  schematically  in  Figure  2.0-5 
above.  It  should  be  noted  that  all  of  the  acoustical  tests  were  run  with  the 
obround  augmenter  and  the  jet  in  the  F-14A  lateral  pcsiticn  li.e  .,  Y  =0  .45) 

h- 

but  undeflected . 
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Figure  2  .0-6.  Experimental  Arrangement  for  the  Acoustic  Tests 
on  the  Stack  with  Sound  Absorbing  Baffles 


Water  manometers,  bourdon  tube  pressure  gages,  iron-constantan  thermo¬ 
couple  and  venturi  flow  meters  were  used  to  measure  the  aerodynamic/thermo¬ 
dynamic  information  required  from  the  tests  (pressure,  temperature  and  flow)  . 
The  microphone  traverse  yielded  the  space-time-average  sound  pressure 
generated  in  the  exhaust  room  by  the  sound  power  existing  from  the  augmenter 
and  the  stack.  A  complete  summary  of  the  test  program,  including  the  test 
series  designation  and  run  numbers  which  correspond  to  those  on  the  data 
sheets  provided  in  the  separate  Data  Appendix  is  included  ir.  Table  2  ,0-i  , 

For  definition  of  the  symbols  used  in  this  table  and  in  the  rest  of  the  report, 
see  the  list  of  symbols  and  Figures  3  .0-1 ,  4.2-1,  4 .3-1  and  4  .4-1  . 
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Note:  A  star  next  to  the  test  series  designation  Indicates  an  extra  run. 

The  number  In  parentheses  next  to  each  run  number  Is  the  measured  augmentation  ratio  parameter  for  that  point. 


11*  Aero-Acoustic  2  2300  4  center  0  conical  8  48  None  24  None 


Aero-Thermal  3  2300 


TABLE  2.0-1.  (continued) 


N0IJ.Vfcl0dfcl09  ONIM33NION3  MNAQIMJ 


Acoustic  2  3300  1/2  b  <x  =0  conical  15.5x9  7?  Full  BB&N  None  45°  Ramp  96  (1.90) 

y  =.45  ^  ^  0  obround  Length 

ypar  0.  =2.2 
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Acoustic  2  500  4  b  a  W)  conical  43  None  Miramar  36  stack  &  144  AMS  134 

ypai**45  <i*)  baffles  f2.62)(2.GZ)  (2.51) 


TABLE  2.0-1.  (continued) 


NOIXVtlOdlfOO  ONIM33NIDN3  MNAQtMJ 


TOTAL  TEST  COND  .  106 

TOTAL  TEST  POINTS  120 
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2.0.5  Design-Related  Conclusions 

Careful  study  of  the  aerodynamic/thermodynamic  and  acoustic  test  data 
yielded  the  following  design-related  conclusions  . 

1.  By  using  the  aircraft  jet  exhaust  momentum  flux 
directed  into  an  augmenter  tube,  sufficient  secondary 
air  can  be  pumped  to  cool  the  exhaust  of  an  after¬ 
burning  engine  even  without  a  subsonic  diffuser  on 
the  augmenter  exit  provided  that  the  augmenter  cross- 
section  is  adequately  large  and  the  flow  leaving  the 
augmenter  is  not  restricted. 

2.  At  afterburning  jet  temperature  conditions,  the  augmenter 
pumping  performance  (augmentation  ratio)  varied  little 
over  the  range  of  augmenter  length-diameter  ratios 
tested  (4  to  8),  indicating  that  the  augmenter  length 

can  be  chosen  entirely  on  the  basis  of  the  required 
noise  reduction. 

3.  The  augmenter  pumping  performance  did  not  vary  signifi¬ 
cantly  with  jet  nozzle  pressure  ratio,  the  axial  position 
of  the  nozzle  exit  or  with  augmenter  entrance  configura¬ 
tion  (the  45°  conical  chamfer  type  of  augmenter  inlet  used 
in  the  Miramar  Hush  House  remains  the  recomm.er.ded 
configuration) . 

4.  At  afterburning  jet  temperatures  changing  from  a  hard- 
walled  round  augmenter  to  an.  absorptive  obround  augmenter 
with  the  same  cross-sectional  area  results  in  a  10% 
decrease  in  pumping. 
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With  the  obround  augmenter,  moving  the  jet  nozzle 

centerline  laterally  off  the  augmenter  center  or  deflecting  i 

! 

it  toward  the  wall  results  in  decreased  pumping  and  j 

elevated  wall  temperatures . 

The  addition  of  a  45°  exit  ramp  (deflector  baffle)  causes 
a  small  reduction  in  pumping  performance. 

As  long  as  a  reasonable  distance  is  maintained  between  i 

the  aircraft  exhaust  nozzle  exit  and  the  augmenter  j 

entrance  (X^/t^^  2  0.33),  there  will  be  no  excess 
pumpdown  of  the  nozzle  base  pressure  inside  the 
Hush  House . 

The  acoustically  absorptive  augmenter  configurations 
provided  greater  noise  reduction  than  the  one  specific 

vertical  stack  with  parallel  baffles  configuration  f 

investigated . 

Hush  House  interior  noise  levels  due  to  jet  exhaust 
increase  significantly  if  the  distance  between  the  jet 
nozzle  exit  and  augmenter  inlet  is  increased  above 
Xn^Dj^jt  “2.0,  while  the  exterior  exhaust  noise  levels 
decrease  as  this  distance  increases. 

Due  to  the  large  beneficial  flow  and  temperature 
gradients  which  "bend"  the  rays  of  sound  toward  the 
lined  augmenter  wall,  one  can  achieve  much  higher 
insertion  loss  then  one  would  predict  from  simple 
silencer  theory. 

The  exit  flow,  characterized  by  its  speed  and  velocity, 
generates  aerodynamic  noise  (self-noise)  which  places 
an  upper  limit  on  the  actual  insertion  loss  achievable 
by  the  exhaust  system. 
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12.  The  presence  of  an  acoustical  lining  in  the  upstream 
end  of  the  augmenter  results  in  a  significant  reduction 
in  Hush  House  interior  noise  due  to  jet  exhaust. 

The  primary  aim  of  this  report  section  is  to  provide  information  extracted 
from  the  model  test  data  in  a  form  which  makes  it  useful  for  the  design  of 
future  Hush  Houses  or  makes  it  possible  to  predict  the  performance  of  an 
existing  Hush  House  with  different  aircraft  installed.  The  following  parts 
of  this  section  deal  with  each  aspect  of  the  test  results  and  present  graphs 
which  can  be  used  for  design.  The  results  are  then  applied  to  predict  the 
performance  of  the  NAS  Miramar  Hush  House  with  the  F-14A  aircraft.  Some 
simplifications  have  been  made  in  the  form  of  presentation  to  reduce  the 
amount  of  difficult  calculation  necessary  to  apply  the  results  . 


2 . 1  Augmenter  Pumping  Performance 


The  augmenter  pumping  performance  will  be  of  prime  interest  in  two 
related  areas:  predicting  maximum  augmenter  wall  temperature  with  a  given 
combination  of  aircraft  and  augmenter  cross-section  and  determining  the  total 
Hush  House  inlet  air  flow  for  sizing  the  air  inlet.  In  Section  7.1,  the  pumping 
performance  was  presented  in  the  form  of  an  augmentation  ratio  parameter,  ARP, 
(equation  6 .2  .2)  _ 


W 


ARP 


pumped 


x  -v 


W 


N 


"a  mb . 


■N 


mw 


N 


mw 


atr 


being  the  Jet  nozzle  flow  rate  which  corresponds,  in  full  scale,  to  the 

aircraft  exhaust  flow  rate,  wa.rcraft  and  ^T^  and  mw^  being  the  jet  exhaust 

total  temperature  and  molecular  weight .  This  parameter  was  chosen  because 

the  pressure  rise  sustain*,  ble  by  an  ejector  is  related  to  the  relative  momentum 

fluxes,  mv,  of  the  driving  and  secondary  flows  at  the  entrance  to  the  mixing 

section  (augmenter).  For  given  expansion  ratios,  the  momentum  flux  of  each 

flow  is  proportional  to  w  a  .  Since  the  speed  of  sound,  a  ,  is  proportional 
I  i  o  o 

to  -|l  T,p  ,  the  augmentation  ratio  parameter  is  proportional  to  the  ratio  of 

i  mw 

pumped  flow  momentum  flux  to  jot  uo/.xlc  flow  momentum  flux.  Calculation 
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of  pumped  air  flow  is  simple,  once  this  parameter  is  known  for  a  particular 
case  and  we  will  continue  to  use  it  in  this  section  as  the  basis  for  predictions  . 
Accordingly,  Figures  2 . 1-1,  2.1-2,  2.1-3,  and  2.1-4  have  been  constructed 

from  the  available  test  data  to  make  possible  predictions  of  pumped  air  flow  and, 
subsequently,  augmenter  wall  temperature  (see  Section  2.2). 


Figure  2.1-1  presents  augmentation  ratio  parameter  versus  augmenter 
cross-sectional  area  to  jet  nozzle  throat  area  ratio  for  a  variety  of  configura¬ 
tions  without  subsonic  diffuser.  It  is  limited  to  cases  where  the  nozzle  is 
centered  in  the  augmenter  and  undeflected  and  where  the  jet  nozzle  total  tem¬ 
perature  and  pumped  air  (ambient)  temperature  are  equal.  These  curves  are 
based  upon  data  presented  in  Figures  7.1-1  and  7.1-5.  Since  the  model  test 
data  showed  no  appreciate  influence  of  jet  nozzle  pressure  ratio  on  augmentation 
ratio  parameter,  it  can  be  assumed  that  these  curves  are  valid  for  most  engines, 
without  regard  to  nozzle  pressure  ratio.  In  Figure  2.1-1,  curves  are  presented 
for  augmenter  pressure  ratios  of  both  1.000  and  0.995  (1.000  corresponds  to 
zero  Hush  House  pressure  depression,  while  0.995  would  correspond  to  roughly 
2"  H^O  total  pressure  loss) .  This  figure  also  shows  a  small  reduction  in 
augmentation  ratio  parameter  due  to  the  addition  of  the  45°  deflector  ramp. 

Such  a  ramp  has  been  a  feature  of  Hush  House  designs  because  it  deflects 
both  the  flow  and  the  noise  upward  without  unduly  penalizing  augmenter 
pumping  performance.  Any  major  alterations  to  this  basic  configuration 
would  have  to  be  studied  carefully  to  make  sure  that  they  didn't  increase 
the  augmenter  exit  backpressure  and  cause  a  large  reduction  in  cooling  air 
pumping . 


Although  Hush  House  augmenters  do  not  typically  require  an  exit  subsonic 
diffuser  for  adequate  pumping  performance,  the  influence  of  a  subsonic  diffuser 
was  obtained  from  the  tests.  This  is  shown  in  figure  2.1-2  as  the  ratio  of 


^^with  diffuser^^w/o  diffuser 


=  K  • 


This  information  would  be  useful 


diff . 

in  case  a  vertical  stack  with  baffles  were  to  be  added  to  an  absorptive  augmenter 
to  increase  noise  reduction.  Such  an  addition  would  tend  to  increase  the 


augmenter  backpressure  (  *Texit  >  Pgmb)  and  reduce  pumping. 


A  subscnic 


I 
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ARP 

Augmentation 

ratio 

parameter  2 


1 


0 


FIGURE  2.1 


(Augmenter  cross-section  area/jet  nozzle  throat  area) 
W  /  T  ~ mw 

—I 

ARP  =  W  /  T_  mw. 


N 


N 


N 


air 


1.  AUGMENTER  PUMPING  PERFORMANCE  VERSOS  AUGMENTER 
TO  JET  NOZZLE  THROAT  AREA  RATIO  FOR  CASES  V*.  1  Th 
NO  EXIT  SUBSONIC  DIFFUSER  1.0, 

JET  CENTERED  IN  AUGMENTER  CROSS  SECTION). 
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diffuser  might  be  required  to  restore  adequate  cooling  air  pumping.  To 
properly  estimate  the  augmentation  ratio  parameter  for  a  configuration  having 
a  diffuser,  the  correction  to  Figure  2 .1-1  values  for  the  diffuser  must  be  applied 
before  adding  the  succeeding  corrections  discussed  in  the  following  two  paragraphs. 


Figure  2.1-3  concerns  the  same  configurations  as  Figures  2.1-1  and  2.1-2, 

and  provides  a  correction  to  the  augmentation  ratio  parameter  for  jet  nozzle 

T 

total  temperature  ,,  T.t  ,  higher  than  the  pumped  air  temperature,  T  , 

INI  y  a  mo  • 

as  it  is  in  every  full-scale  instance.  The  model  test  data  run  at  1T1,t/T  =  6.6 

correspond  almost  exactly  to  an  afterburning  aircraft  run  in  a  Hush  House  on  a 
100°F  day.  Figure  2.1-4  provides  an  additional  correction  usable  when  the  jet 
nozzle  is  off-center  in  the  augmenter  or  deflected.  It  was  developed  from  the 
model  tests  run  with  the  obround  augmenter.  Figure  2.1-3  shows  a  decrease  in 
augmentation  ratio  parameter  with  increasing  jet  nozzle  to  ambient  temperature 
ratio.  By  virtue  of  the  definition  of  the  augmentation  ratio  parameter,  however, 
the  actual  augmentation  ratio  will  increase  with  increasing  jet  temperature,  as 
illustrated  below  in  Figure  2.1-5  for  the  case  of  an  obround  absorptive  augmenter 


with  ramp  ,  A^/A^  =24 


having  a  centered  jet  and  with  T 


sec 


/PT 


exit 


=  0  .9975 


augmentation 

ratio 

W  . 

pumped 


W 


N 


augmentation 

ratio 

pa  ra  meter 
ARP 


(jet  nozzle  total  temperature/ambient  temperature) 


Figure  2.1-5.  Augmentation  Ratio  and  Augmentation  Ratio  Parameter 
versus  Jet  Nozzle  Stagnation  Temperature  to  Ambient 
Temperature  Ratio 
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To  estimate  the  augmentation  ratio  parameter  for  an  arbitrary  configuration, 
the  augmentation  ratio  parameter  from  Figure  2.1-1  is  corrected  as  follows, 
using  Figures  2.1-2,  2.1-3  and  2.1-4  . 

ARP  =  ARP  x  Kdi{{  +  AARP  +  AARP 

Fig .  Fig .  Fig .  Fig . 

2.1-1  2.1-2  2.1-3  2.1-4 

With  the  figures  provided  in  this  section,  along  with  the  inlet  total 
pressure  loss  versus  total  Hush  House  air  flow  estimated  for  the  NAS  Miramar 
installation,  it  is  possible  to  estimate  the  total  inlet  air  flow  for  the  case  of 
the  F-14A  installed  in  the  NAS  Miramar  Hush  House  with  one  engine  in  maximum 
afterburning  model  (we  will  assume  that  the  influence  of  a  second  idling  engine 
can  be  neglected) .  The  following  engine  exhaust  characteristics  will  be 
assumed  for  seal  level  standard  conditions. 


w 

aircraft 

=  w 

N 

=  250  pps  (aircraft  exhaust 

mass  flow  rate) 

T 

T  = 

AN 

3700°R 

(exhaust  total  temperature) 

mwN  = 

24 

(exhaust  molecular  weight) 

ant 

7.5  sq  .  ft . 

(jet  nozzle  throat  area) 

Also,  the  following  information  from  the  full-scale  NAS  Miramar  Hush  House 
design  will  be  extracted  and  a  100°F  day  at  seal  level  pressure  will  be  assumed. 
(Miramar  Hush  House  design  estimated  total  pressure  loss  through  the  Hush 
House  air  inlet  and  up  to  the  augmenter  entrance  is  30%  of  air  flow  dynamic 
pressure  through  the  inlet  sounding  absorbing  baffles  where  the  effective  flow 
area  through  baffles  is  assumed  to  be  285  sq .  ft.) . 

Aa  =  183  sq.  ft.  Miramar  Hush  House  augmenter  flow  area 

(19'  wide  x  11 1  high  obround) 
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P^ 

w 

vv  inlet 

T 

Hush  House 

p 

pps 

amb 

2500 

.9986 

2000 

.9984 

1500 

.9992 

1000 

.9996 

Next,  the  temperature  correction  to  the  engine  mass  flow  rate  is  made  as 
follows: 


corrected 


240  pps 


From  the  augmenter  and  nozzle  throat  area  information,  the  area  ratio  , 
is  calculated  to  be  24  and  Figure  2.1-1,  the  augmentation  ratio  parameter  for  an 
obround  augmenter  having  an  exit  ramp  with  centered  and  undeflected  engine 
exhaust  can  be  found  for  a  range  of  augmenter  pressure  ratios  at  1 


Figure  2 .1-3  can  then  be  used  to  find  a  correction  to  the  augmentation 

parameter  of  AARP  =  0 .65  for  the  jet  nozzle  to  ambient  temperature  ratio  of 

6.6.  At  this  point,  one  further  correction,  that  for  jet  nozzle  (engine  exhaust) 

deflection  and  offset,  must  be  made  to  the  pumping  ratio  parameter.  For  the 

F-14A,  the  offset  parameter,  Y  ,  is  0.45  and  the  deflection  a  equals  1°, 

P  ° 

giving  a  correction  from  Figure  2.1-4  of  AARP  =  -0.39  . 
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PT 

sec . 
p 

W  , 

pumped 

Winlet 

T 

exit 

pps 

pps 

1.000 

1451 

1692 

.998 

1273 

1513 

.996 

1058 

1298 

.994 

854 

1094 

Since  the  Hush  House  inlet  loss  ratio  equals  the  augmenter  pressure  ratio 

D 

when  T  .  =  P  ,  ,  as  in  this  case,  one  can  plot  both  the  Hush  House 
exit  a  mb 

inlet  characteristic  and  the  augmenter  pumping  performance  on  the  same  curve 
(Figure  2.1-6).  The  point  where  the  two  curves  cross  will  be  the  operating 
point  for  the  assumed  conditions  . 
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Winlet  total 
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Figure  2.1-6.  Total  Inlet  Flow  versus  Augmenter  Pressure  Ratio 


for  the  Miramar  Hush  House 
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A  total  inlet  air  flow  of  1580  pps  is  predicted  for  the  Miramar  Hush  House 
under  the  assumed  conditions  with  an  F-14A  having  one  engine  operating  at 
maximum  afterburning.  This  corresponds  to  an  augmentation  ratio  parameter 
of  ARP  =  1.97,  which  is  greater  than  ARP  =  1.83  identified  in  Section  7  .1 
as  being  required  to  limit  the  mixed  exhaust  temperature  to  800°F. 

During  the  full-scale  Miramar  Hush  House  checkout  (see  Section  8.1), 
the  actual  Hush  House  air  mass  flow  rate  was  checked  against  similar  predictions 
of  air  flow  made  using  the  model  test  data.  The  predictions  fell  within  10%  of 
the  measured  mass  flow. 

2  .2  Maximum  Augmenter  Wall  Temperature 

Augmenter  wall  temperature  distributions  from  the  model  tests  are  discussed 
in  Section  7  .4  for  different  Jet  nozzle  offsets  and  deflections  .  When  the  jet 
is  centered  in  the  augmenter  and  aligned,  the  high  temperature  core  of  the  mixing 
Jet  is  insulated  from  the  augmenter  walls  by  the  colder  pumped  flow.  On  the 
other  hand,  if  the  Jet  centerline  is  moved  closer  to  one  wall  or  is  angled  toward 
the  wall,  there  is  a  tendency  for  the  hot  mixing  regions  to  impinge  on  the  augmenter 
wall.  This  is  illustrated  in  Figure  2,2-1  below,  which  shows  the  relationship 
between  the  hot  jet  centerline  temperature  and  the  wall  temperature  for  two  nozzle 
position  cases . 


3000 
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Jet  centerline 
total  temperature 


maximum  augmenter  wall 
temperature  with  oifset, 
^.^deflected  Jet 


maximum  augmenter  wall 
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(axial  distance  from  augmenter  entrance) 


Figure  2.2-1.  Relationship  between  the  Jet  Temperature  and  the  Augmenter  Wall 

Temperature 
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Basically,  two  things  determine  the  maximum  wall  temperature;  (1)  the 
relative  amount  of  ambient  air  pumped  through  the  augmenter  (which  determines 
the  mixed  average  temperature  of  the  jet  flow  and  pumped  flow),  and  (2)  the 
degree  of  Jet  exhaust  flow  impingement  on  the  augmenter  wall.  Figures  2  .2-2, 
2.2-3  and  2.2-4  have,  therefore,  been  provided  to  make  possible  either  the 
prediction  of  maximum  augmenter  wall  temperatures  for  an  arbitrary  combination 
of  aircraft  and  augmenter  or  the  design  of  an  augmenter  to  avoid  overheating  with 
a  given  aircraft.  Figure  2.2-2  presents  the  mixed  average  temperature  parameter 
as  a  function  of  Tj^/T  ^  an<^  augmentation  ratio  parameter.  Figures  2.2-3 
and  2  .2-4  give  the  maximum  wall  temperature  parameter  as  a  function  of  jet 
nozzle  orientation  in  relation  to  the  mixed  average  temperature  parameter.  To 
simplify  the  use  of  these  curves,  the  mixed  temperature  and  corresponding 
augmentation  ratio  parameter  are  to  be  determined  for  the  case  with  the  engine 
exhaust  centered  in  the  augmenter  and  undeflected,  giving  the  resulting  form 
of  the  presentation 

T 

"wall  max„ 

_ e__ 

W 

pjet  ctr'd 

a  =  0 


where 


T 


wall  max 


P 


Jet  ctr'd 
a  =  0 


T  -  T 

wall  max .  a  mb 


T  -  T 
_mix  a  mb 


(see  eqn.  6.4.4  for 
general  definition 
of  temp .  pa  ram .  Tp) 


(exhaust  Jet 
centered  and 
undeflected) 


To  apply  these  curves,  the  applicable  curves  in  Figures  2.1-1,  2.1-2  and 
2.1-3  are  utilized  to  get  the  augmentation  ratio  parameter  for  the  centered, 
undeflected  exhaust.  In  design  calculations,  one  will  probably  assume  an 
augmenter  pressure  ratio  of 


-  32  - 


FluiDyne  engineering  corporation 


‘ — L  1-1 — Li— i — i — » — I-J — t.J-i.  i-.l  .  l  -L  1  -1-  .^1-1..  I 

0  2  4  6  8 

^T^^amb 


(Jet  nozzle  total  temperature/ambient  temperature) 


mix. 


T  .  T  , 
mix  amb 

T  T 

Tn  -  amb 


CALCULATED  VAR (AT  I  ON  OF  MIXED  AVERAGE 
TEMPERATURE  PARAMETER  WITH  JET  NOZZLE 
TO  AMBIENT  TEMPERATURE  RATIO  ANu  AUG¬ 
MENTATION  RATIO  PARAMETER. 


FIGURE  2.2-2. 
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MAXIMUM  SIDEWALL  TEMPERATURE  VARIATION 
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MAXIMUM  TOP  AND  BOTTOM  WALL  TEMPERATURE  VARIATION 
Note:  Vertical  scales  defined  on  Figure  2.2-4 


FIGURE  2.2-3.  THE  VARIATION  OF  MAXIMUM  WALL  TEMPERATURE  WITH  JET 
NOZZLE  LATERAL  AND  VERTICAL  POSITION  FOR  THE  08R0UND 
AUGMENTER. 
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FIGURE  2.2-4.  THE  VARIATION  OF  MAXIMUM  WALL  TEMPERATURE 
WITH  LATERAL  AND  VERTICAL  JET  NOZZLE 
DEFLECTION. 
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which  typically  corresponds  to  a  Hush  House  static  pressure  depression  of  2" 

H„0  .  Next,  Figure  2.2-2  is  applied  to  find  the  mixed  temperature  parameter, 
T  ^ 

miXp  .  The  curves  in  Figure  2.2-2  were  calculated  from  conservation  of 

energy  relationships  assuming  values  of  exhaust  specific  heat  which  were 

T 

reasonable  at  each  Tjj/T  ^  level.  Finally,  Figures  2  .2-3  or  2  .2-4  are 
used  to  determine  the  ratio 


T 

wall  max 
_ E _ 

Tmix 

pjet  ctr'd 
a  =  0 


from  which  wall  max  and  T. 


wall  max 


can  be  calculated  . 


These  curves  will  now  be  applied  to  the  case  of  the  F-14A  operating 
with  one  engine  in  maximum  afterburning  in  the  NAS  Miramar  Hush  House. 
From  the  work  done  in  Section  2 . 1,  it  appears  that  the  augmenter  pressure 
ratio  will  be  0  .999  .  Applying  this  to  Figure  2.1-1  for  A^/A^t  =  24  with 
ramp  gives 


ARP 


ctr'd 
a=  0 


/T 


a  mb 


1 


2  .98 


which  corrects  to 


ARPctr'd  =  2.33 

a=  0 

T 

when  Txt/T  .  =6.6  is  taken  into  account.  When  this  is  entered  in 
N  a  mb 

Figure  2.2-2,  a  mixed  temperature  parameter  for  the  undeflected,  centered 
T 

Jet  of  mixp  =0.172  is  obtained.  Further,  using  Yp  =0.45  and  a.s  =  1° 
describing  the  configuration  with  the  F-14A,  Figure  2.2-3  yields 
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T 

wall  max 

_ E. 

Tmix 

^Jet  ctr'd 
a  =  0 


1.65 


This,  in  turn,  provides  the  final  maximum  wall  temperature  parameter, 
T 

wall  max  =  1 . 65  x  0 .172  =  0  .284  and  the  wall  temperature 

b' 


wall  max 


0  .284 


T  -  560 

wall  max _ 

3700  -  560 


wall  max 


1452°  R  (992°F) 


The  resulting  predicted  maximum  wall  temperature  of  992 °F  is  much  higher 
than  anticipated  in  the  original  design.  Furthermore,  this  level  was  confirmed 
during  the  checkout  testing  on  the  full-scale  Miramar  Hush  House.  This 
temperature  level  results  from  a  significant  tendency  of  the  offset,  deflected 
Jet  to  impinge  on  the  nearest  wall.  This  can  be  lowered  by  design  changes 
which  either  increase  the  pumped  flow  or  increase  the  distance  between  the 
engine  centerline  and  the  augmenter  wall.  Increasing  the  augmenter  cross- 
section  will  do  both  of  these  things  .  An  increase  in  augmenter  width  and 
height  of  approximately  3  ft.  (to  22'  x  14')  would  be  needed  to  lower  the 
maximum  wall  temperature  to  800° F,  however,  this  would  reduce  the  noise 
reduction  effectiveness  of  a  given  augmenter  length.  One  might  consider 
the  application  of  air  film  cooling. 
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2.3  Oata  for  Acoustical  Design 

In  this  section,  we  present  a  method  for  predicting  the 
sound  power  level  (PWL)  of  exhaust  noise  (in  '~:,pve  bands) 
radiated  from  the  augmenter  exit  of  any  pros p e c  ive  "Hush  House" 
design.  This  prediction  procedure,  which  is  based  on  measure¬ 
ments  made  during  scale-model  experiments,  enables  one  to  estimate 

•  The  octave-band  sound  power  level  spectra  of  jets  of 
various  diameters,  pressure  ratios,  and  temperatures. 

•  The  differences  in  radiated  sound  power  level 

as  a  function  of  frequency,  among  lined  augmenter 
tubes  of  different  lengths,  diameters,  and  lining 
depths . 

•  The  octave-band  sound  pressure  levels  (SPL)  of  the 
exhaust  noise  at  various  distances  from  the  exit. 

•  The  octave-band  sound  power  levels  of  interior  noise 
attributable  to  the  exhaust. 

The  experiments,  upon  which  the  prediction  method  is  based, 
used  a  BBN-designed  scale  model  of  the  augmenter  lining  and  ob¬ 
long  cross  section.  The  lining,  consisting  of  a  thin  porous 
layer  with  partitioned  airspace  behind,  was  designed  to  optimise 
the  low-frequency  attenuation  of  the  augmenter  for  the  given 
geometry  of  the  Miramar  augmenter.  Thus,  careful  consideration 
was  given  to  choice  of  the  specific  flow  resistances  of  the 
lining  material. 

The  basic  design  concept  of  a  lined  augmenter  to  attenuate 
exhaust  noise  as  depicted  in  Pig.  2 . 0«5  is  considered  to  be 
generally  applicable  In  most  situations,  where  the  exhaust  noise 
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of  the  modern-day  military  Jet  engines  with  afterburner  must 
be  quieted  to  meet,  typical  community  noise  criteria.  However, 
if  the  noise  output  or  the  spectral  shape  of  the  engine  or  the 
community  noise  criteria  strongly  differs  from  these  typical 
values  then  a  redesign  of  the  liner  yielding  more  effective  use 
of  space  and  materials  may  be  called  for. 

2.3.1  Prediction  of  jet  sound  power  level  spectra 

The  FWL  spectra  of  various  aircraft  are  usually  available 
either  from  the  manufacturer  or  from  the  environmental  noise 
rroups  of  the  aircraft  user.  If  no  such  data  are  available, 
the  PWL  spectrum  of  an  engine  can  be  estimated  usinp  the  pro¬ 
cedure  outlined  below.  Even  when  measured  full-scale  PWL  spectra 
are  available,  it  is  recommended  that  one  still  use  this  pre¬ 
diction  scheme,  compare  measured  and  predicted  levels,  and,  to 
be  conservative,  use  the  higher  of  these  two  levels  as  a  design 
quide  . 


The  octave-band  sound  power  level  spectrum  of  engine  exhaust 
noise  is  predicted  as  follows: 

1.  Calculate  from  Eq .  .7.3.1  the  upward  shift  (PWL  )  of  the 
sound  power  level  spectrum  shown  in  Fip .  2.3.1. 

2.  Shift  the  "normalised  PWL"  curve  in  Fitq.  2.3-1  vertically 
by  the  dH  amount  calculated  in  Step  1. 

3.  Establish  full-scale  frequencies  by  shifting  to  the 

rip;ht  the  model-scale  frequencies  by  the  factor  0.36  ,  where 

is  the  full-scale  nozzle  diameter  in  inches. 
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OCTAVE  BAND  SOUND  POWER  LEVEL  (dB  re  10  waffs) 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 

FIG.  2.3.1.  NORMALIZED  OCTAVE-BAND  PWL  SPECTRUM  TO  BE 
USED  WITH  EQ.  2.3.1. 


i ' i .  =  .’!)  lin-  IP  )  +  .'0  lor  •  7.,>  )  +  30  lor  (A,j)  -  i.'i  , 

(2.3.1 ) 

whore  T*;«  i  s  l.ho  jet  nozzle  total  temperature  in  “Rankin  and 
is  the  jet  no 2:: It?  pressure  ratio. 

As  an  example  of  how  t.o  use  this  procedure,  assume  a  jet 

characterised  by  D,,  =  4]  .  L“>  in.,  T.r  =  3300°R,  and  XM  = 

N  1  m  N 

Kquat ion  2.3.1  yields,  for  the  vertical  shift, 

PWLS  =  ?0  lor  ( 4 1  .2  9 )  +  ?0  lor  (  3  300)  +  30  lor.  (.')  -  63 

=  49  dB. 

The  full-scale  frequency  scale  is  obtained  by  shiftinr  the  model- 
scale  frequency  scale  in  Fir.  2.3.1  by  the  factor  0.36  = 

0.30  x  41.29  =  15.  Thus,  3000  Hz  for  the  scale  model  will  cor¬ 
respond  to  200  Hz  for  the  full-scale  jet  nozzle. 

The  prediction  procedure,  as  applied  to  this  example,  is 
illustrated  in  Fir..  0.3.2,  which  shows  the  vertical  shift  (49  dB) 
of  the  normalised  PWL  curve  and  the  establishment  of  a  full-scale 
frequency  scale  (upper  abscissa)  by  shiftinr  the  model  frequency 
scale  t.o  the  rip.ht  by  a  factor  of  19.  The  open  circles  in 
Fif.  2.3.2  are  data  points  obtained  from  farfield  SPL  measure¬ 
ments  of  an  F-14A  aircraft  operating  in  its  afterburninr  mode. 
This  spectrum  is  similar  in  shape  to  the  predicted  one;  it  is 
somewhat  lower,  however,  most  likely  because  of  a  lower  jet 
nozzle  total  temperature  than  that  used  in  our  prediction. 

2.3.2  Augmenter  attenuation 

Before  corisiderinr  the  attenuation  character! sti  cs  of  the  lined 
auftmenter,  one  must  first  check  that  the  open  cross-section  is  of 
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OCTAVE  BAND  SOUND  POWER  LEVEL  f dB  re  10‘,2wotts) 


FULL-SCALE  OCTAVE  BAND  CENTER  FREQUENCY  (Hi) 


FIG.  2.3.2.  PREDICTION  OF  OCTAVE-BAND  PWL  SPECTRUM  FOR  A  JET  OF 
D.,  =  41  in.,  Tt  =  3300°R,  and  XM  =  3. 


sufficient  area  that  the  velocity  of  the  exiting  flow  is  mini¬ 
mized  to  the  point  where  self-noise  levels  are  low  enough  to 
meet  the  noise  criteria.  We  recommend  that,  until  more  accurate 
design  information  becomes  available,  the  initial  cross  section 
be  chosen  so  that  the  exit  velocities  listed  in  Table  2.3.1  are 
not  exceeded.  The  averare  exit  velocity  can  be  calculated  from 
the  total  facility  mass  flow,  the  mixed  average  exhaust  tempera¬ 
ture,  [ i ■  i  t  he  •!  u  i '  ••  r  cr  ‘cl.  ’  onai  area  .  In  1  i  :;t  J  n;“  Mr 

maximum  velocities,  we  further  assumed  that  the  ratio  of  maximum 
to  averare  velocity  is  2.4. 

TABLE  2.3.1  MAXIMUM  PERMISSIBLE  EXIT  FLOW  VELOCITY  TO  MEET  NOISE  CRITERIA 
AT  140  ft  FROM  THE  EXHAUST  BOX 


Criteria 

Maximum  Permissible  Velocity 

(fps) 

At  140  ft 
(dBA) 

V  • 

mix  max 

VAV 

75 

360 

150 

80 

440 

180 

85 

530 

220 

90 

640 

265 

95 

775 

320 

The  attenuation  provided  by  the  augmenter  (APWL)  depends  in  a 

complex  manner  on  a  variety  of  parameters;  those  considered  in  this 

project  are  discussed  in  Sec.  7.6.4.  Baseline  data  (APWL0)  are 

provided  in  Figs.  2.3.3  and  2.3*4  for  a  ramie  of  pressure  ratios 

( A.. )  and  total  temperatures  (Trp  )  covered  in  the  tests.  These 
M  N 

data  were  obtained  with  a  single  augmenter  effective  duct  dia¬ 
meter  of  12.5  in.,  a  duct  length  of  72  in.,  a  ramp  of  45°,  and 
an  axial  distance  ( X^j )  of  4  in.  between  the  jet  nozzle  exit  and 
the  augmenter  entrance.  The  obround  (Miramar)  augmenter  was  used 
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FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  {Hz) 
31.5  63  125  250  500  1000 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 

FIG.  2.3.3.  APWL  FOR  72-in. -LONG  BBN  AUGMENTER  FOR  A..  = 

N 


2. 


APWLn  (dB ) 


FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


315  630  1250  2500  5000  10,000  2GyOOO 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 

FIG.  2.3.4.  APWLjj  FOR  72-in. -LONG  BBN  AUGMENTER  FOR  *N  =  3. 


with  the  nozzle  in  the  offset  F-14  position  ( =  0.-4^)  .  To  the 
APWL0  obtained  from  Figs. 2.3-3  or  2.3.4,  one  must  add  incremental 
attenuations  that  account  for  changes  in  lined  aurmenfcr  length 
(APWLj),  augmenter  diameter  (APWL2),  axial  and  radial  positions 
of  the  engine  within  the  augmenter  inlet  (APWL3  and  APWL^ ) ,  and 
angular  alignment  (APWL5).  Methods  for  estimating  these  cor¬ 
rections  are  given  below.  The  final  estimate  of  augmenter 
attenuation  is  the  sum  of  the  eomporionls: 

APV/Ij  =  APWL0  +  APWLj  +  APWL  +  APWL3  +  APWL  +  APWL  . 

(2.3.?) 

Augmenter  Length 

The  baseline  data  (APWLQ)  are  presented  for  a  model  aug¬ 
menter  tube  length  of  72  in.  In  Fig.  2.3-5  is  shown  a  correction, 
APWLj,  to  the  attenuation  provided  by  the  baseline  augmenter  for 
dimensionless  augmenter  lengths  of  17.5  and  35.0  -  i.e.,  ratios 
of  augmenter  length  to  nozzle  diameter  (L./D.. ).  for  itg.er- 

mediate  lengths  can  be  determined  by  irit-  >■!  •- i  a ’  i . 

Augmenter  Diameter 

All  lined  augmenter  configurations  tested  had  the  same 
cross-sectional  dimensions,  corresponding  in  model-scale  to  the 
Miramar  augmenter.  The  dimensionless  ratio  of  the  equivalent 
diameter  of  the  augmenter  cross  section  (D^)  and  the  nozzle 
diameter  (D^)  for  all  test  runs  was  4.54.  No  other  augmenter 
diameters  were  tested,  so  the  corrections  (APWL2)  for  augmenter 
diameter  suggested  here  are  based  entirely  on  assumptions  guided 
by  theoretical  considerations.  The  analytical  models  from  which 
they  were  derived  ignored  the  effects  of  flow  and  temperature 
gradients  and  so  should  be  used  to  account  only  for  small  varia¬ 
tions  in  the  dimensionless  effective  augmenter  length. 
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A  PWLi  (dB) 


FULL- SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


FIG.  2.3.5.  CORRECTION  TO  APWL  FOR  DIFFERENT  AUGMENTER  LENGTHS 


hi 


At  low  frequencies,  where  the  wa  ^length  of  sound  in  the 
augmenter  tube  is  large  compared  to  the  tranverse  dimensions  of 
the  augmenter  tube,  the  correction  APWL2  for  a  change  in  the 
effective  diameter  of  the  augmenter  is 


APWL 

2 


APWL 


/ nD™  ,\ 

•  \  da  j 


(2.3.3) 


where  is  the  effective  diameter  of  the  augmenter  tube  in  the 

model  (12  in.)  and  n  is  the  linear  scale  factor  for  the  augmenter 
being  designed. 


At  high  frequencies,  where  the  wavelength  is  smaller  than 
the  transverse  dimensions  of  the  duct,  the  correction  for  the 
effective  diameter  of  the  augmenter  tube  is 


APWL,  -  -10  lor.,,  |  •  0.3. 4) 

A  rough  estimate  of  the  change  in  augmenter  attenuation  with 
diameter  can  be  synthesized  from  these  two  relations  by  using 
the  first  for  full-scale  frequencies  that  are  less  than  c/D^, 
and  the  second  for  full-scale  frequencies  that  are  greater  than 
10c/D^.  The  correction  at  intermediate  frequencies  should  be 
faired  to  provide  a  smooth  progression  between  these  two  extreme 
values . 


Nozzle  Position 

The  correction  (APWL3)  for  three  variations  in  the  axial 
position  of  the  nozzle  is  presented  in  Fig.  2.3.6;  a  correction 
(APWL,,)  for  centering  the  nozzle  on  the  longitudinal  axis  of  the 
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A  PWL3  (dB) 


FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hi) 


315  630  1250  2500  5000  10,000  2Q000 

MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


2.3.6.  CORRECTION  TO  APWL  FOR  DIFFERENT  JET  NOZZLE  AXIAL 
POSITIONS. 


augmenter  is  provided  in  Pip,.  2.3.7.  The  corrections  for  1°  and 
3°  angular  misalignments  are  given  in  Table  2.3.2. 

TABLE  2.3.2  CORRECTIONS  FOR  ANGULAR  ALIGNMENTS 


Octave-Band  Center  Frequency  (Hz) 

31 

63 

125 

250 

500 

1000 

2000 

4000 

8000 

APWL5  for  1° 

0 

0 

0 

-1 

-2 

-2 

-2 

-2 

0 

APWL$  for  3° 

0 

0 

0 

-h 

-1* 

-i* 

-L 

-h 

0 

Choice  of  Lining 

The  open  cross-sectional  area  of  the  augmenter  tube  must  be 
chosen  to  satisfy  pumping,  wall  temperature,  and  self-noise  re¬ 
quirements.  The  capability  of  the  augmenter  to  attenuate  the 
noise  of  the  engine  under  test  is  determined  by  the  type  of 
dissipative  lining  used  and  by  the  length  of  the  lined  augmenter. 
Practically,  all  linings  that  provide  a  high  degree  of  sound 
absorption  in  the  entire  frequency  range  of  interest  will  yield 
high  sound  attenuation.  This  high  absorption  coefficient  can  be 
achieved  either  by  filling  the  entire  lining  depth  with  a  porous 
sound  absorbing  material,  as  illustrated  in  Fig.  2.0„*T,  or  by 
concentrating  near  the  augmenter  wall  a  relatively  thin  layer 
of  porous  material  backed  by  an  airspace,  as  shown  schematically 
in  the  same  figure. 

The  lowest  frequency  where  substantial  attenuation  is 
achievable  is  determined  by  the  total  thickness  of  the  lining 
(including  the  porous  layer  and  the  airspace  behind).  A  reason¬ 
able  choice  is  to  have  the  averare  thickness  of  the  lining  cor¬ 
respond  to  1/6  wavelength  at  room  temperature  for  the  lowest 
frequency  of  interest. 
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APWL4  (dB) 


Both  the  scale-model  and  the  full-scale  results  Indicate  that 
the  type  of  "fully-packed"  lining  used  in  the  Miramar  Hush  House 
can  be  effective.  This  full-scale  lining  consisted  of  a  6-in.- 
thick  layer  of  6  lb/ft3  density  Rockwool  with  a  specific  flow 
resistance  of  4^0  mks  rayls/in.  (i.e.,  1.07  pc/in.)  at  room 
temperature;  the  remaining  airspace  was  filled  with  the  same 
material  at  3.5  lb/ft3  density  which  at  room  temperature  has  a 
specific  flow  resistance  of  approximately  200  mks  rayls/in. 

(0.5  pc/in . ) . 

The  thin  porous  lining  backed  by  an  airspace  (i.e.,  the  one 
identified  as  the  BBN  lining  in  the  scale-model  experiments)  may 
provide  better  low-frequency  attenuation  than  the  "fully  packed" 
lining.  As  a  practical  rule,  the  lining  thickness  should  be 
between  4  in.  and  12  in.  and  the  total  flow  resistance  should  be 
in  the  range  of  1600  to  5000  mks  rayls  (4  to  12  pc)  at  room 
temperature . 

The  specific  choice  of  lining  materials  is  dictated  by 
temperature  and  mechanical  stability  considerations  and  by 
availability.  Accordingly,  each  material  which  fulfills  these 
requirements  and  has  the  above-listed  or  up  to  50%  lower  specific 
flow  resistance  can  be  used. 


2.3.3  Estimation  of  sound  pressure  level  spectra 

The  exhaust  PWL  radiated  by  the  augmenter  outlet  is  estimated 
by  subtracting  the  attenuation  (APWL)  calculated  in  accordance 
with  Sec.  2.3.2  from  the  free-field  sound  power  level  of  the  jet 
(obtained  from  experimental  data  or  scaled  up  from  model  data 
by  the  method  of  Sec.  2.3.1): 


PWL 


=  PWL 


free 


outlet 


APWL 


The  octave-band  SPL  at  a  distance  R  from  the  augmenter  outlet  is 
then  given  by 


SPL  =  PWLoutlet  -  20  log  R  +  3  +  DI  (4>)  ,  (2.3.5) 

where  R  is  the  distance  (in  ft)  from  the  center  of  the  exhaust 
stack  and  DI  is  the  directivity  correction  in  (dB)  for  sound 
propagation  parallel  to  the  ground.  The  directivity  correction 
as  a  function  of  frequency  and  directivity  angle  (4>)  was  deter¬ 
mined  experimentally  for  the  full-scale  Miramar  exhaust  with  a 
45°  exhaust  ramp.  (See  Sec.  8.2.)  The  angle  is  defined  as 
being  0°  in  the  downstream  direction  along  the  centerline  of  the 
exhaust  stack,  and  increasing  in  the  direction  of  the  engine 
which  is  running  in  maximum  afterburner.  For  example,  90°  is 
perpendicular  to  the  augmenter  axis  and  is  to  the  right  (looking 
upstream)  if  the  starboard  engine  of  the  F-14A  is  running  and  to 
the  left  if  the  port  engine  is  running. 

TABLE  2.3.3  DIRECTIVITY  OF  THE  MIRAMAR  EXHAUST  FOR  F-14A  WITH  ONE  ENGINE 
IN  MAXIMUM  AFTERBURNER. 


Octave 

-Band  Center  Frequency  (Hz) 

Direction 

31 

63 

125 

250 

500 

1000 

2000 

4000 

8000 

4)  =  0° 

0 

1 

2 

2 

3 

2 

3 

2 

3 

4>  =  45° 

1 

1 

2 

3 

4 

3 

4 

3 

4 

CO 

■0 

0 

O 

ON 

II 

-G- 

-1 

-1 

-1 

1 

1 

1 

2 

1 

1 

-©• 

4>  =  270° 

-1 

-4 

-3 

-3 

-3 

-3 

0 

-3 

-2 

0 

4>  =  315° 

-1 

-1 

-1 

-1 

0 

-1 

-1 

_ '-) 

-2 

For  a  practical  application  of  this  exhaust  noise  prediction 
scheme,  the  reader  is  referred  to  the  example  calculation  carried 
out  in  Sec .  2.4. 
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2.3.4  Prediction  of  interior  noise  levels 


In  addition  to  the  exhaust,  other  noise  sources  affect  in¬ 
terior  noise  levels  —  e.g.,  engine  inlet  and  casing  noise.  Thus, 
we  cannot  present  here  a  quantitative  design  of  Hush  House  interior 
acoustic  treatment. 

Parameters  that  affect  exhaust  SPLs  in  the  interior  of  a 
Hush  House  are 

•  Jet  sound  power  level 

•  Jet  nozzle  position,  especially  axial  distance  from  the 
augmenter  inlet  (Fig.  7.6.14) 

•  Augmenter  lining  (Fig.  7.6.15) 

•  Acoustical  absorbing  material  on  walls  and  ceiling  (it 
is  assumed  that  the  floor  will  be  hard) 

•  Position  in  the  Hush  House  (i.e.,  distance  and  direction 
from  the  jet  nozzle). 

General  guidelines  for  minimizing  exhaust  noise  in  the 
Hush  House  interior  are: 

1.  Place  the  jet  nozzle  as  close  as  possible  to  the 

augmenter  inlet.  (Remember,  nowever,  that  exterior  exhaust 

noise  decreases  with  increasing  X,,.) 

N 

2.  Treat  the  bell  mouth  of  the  augmenter  and  the  walls 
around  it  acoustically  to  provide  sound  absorption  coefficients 
very  close  to  unity  and  mid  and  high  frequencies.  (Doing  so  will 
provide  absorption  for  the  significant  acoustic  energy  radiated 

by  the  jet  at  angles  between  20°  and  80°  forward  of  the  jet  axis.) 
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3-  Line  the  augmenter  from  the  inlet  to  at  least  9  jet 
diameters  downstream  of  the  inlet. 

^ .  Make  sure  that  the  lined  augmenter  has  sufficient 
att.enuat.Ion  that,  at  all  frequencies,  the  sound  returning  to  the 
Hush  House  through  reflections  from  the  end  of  the  augmenter 
tube  is  low  compared  to  the  noise  of  the  free  jet  propagating 
forward.  (This  condition  can  usually  be  met  if  the  attenuation 
of  t  he  augmenter  tube  exceeds  10  dB.  ) 

9.  If  SF'Ls  in  the  Hush  House  must  not  exceed  the  levels 
measured  at  corresponding  locations  in  free  field  by  more  than 
2  or  3  dB,  line  all  interior  surfaces  (except  the  floor)  with 
sound  absorbing  material  providing,  at  all  frequencies  of  interest, 
an  absorption  coefficient  of  98%  or  better. 
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2.4  Exhaust  Noise  Prediction 


Using  (1)  the  measured  free-field  sound  powcr  output  of  the 
P-  1  4  A  aircraft;  operating  in  i  t.a  af  t  erburni  nr  mode  [A- 2  ]  and  (2)  the 
APV.’L  vs  frequency  curves  obtained  from  our  scale-model  study  and 
corrected  for  the  1°  angular  alignment,  we  have  predicted  the 
octave-band  sound  pressure  level  spectra  and  the  A-weir.hted  sound 
pressure  level  for  various  exhaust  configurations  at  the  closest 
point  to  the  autmenter  exhaust  on  the  ?50-ft  radius  centered  on 
the  aircraft  engine  exhaust.  The  calculations  are  summarised  in 
Tables  2.4.1,  2.4.?,  and  2.4.3.,  The  octave-band  exhaust  sound 
pressure  levels  have  been  predicted  for  U)  a  full-scale  version 
of  the  72-in. -Ion."  lined  RRM  augment er  with  a  i»5°  exit  ramp, 

(2)  the  full-scale  Miramar  augmenter  with  a  45°  exit  ramp,  and 

(3)  a  full-scale  version  of  the  stack-and-baf f le  configuration 
using  a  hard  augmenter  tube,  a  subsonic  diffuser,  and  turning 
vanes . 

The  predicted  levels  are  plotted  in  Fir.  This  firure 

also  includes,  for  comparison,  a  curve  of  octave-band  sound  pres¬ 
sure  levels,  each  of  which  would  produce  a  sound  level  of'  5  5  d?A. 
Comparing  the  octave-band  sound  pressure  levels  predicted  for  the 
three  different  exhaust  configurations  with  each  other  and  with 
the  85-dRA  curve,  one  can  conclude  that 

(1)  A  full-scale  version  of  the  BBM  augmenter  combined  with 
a  45°  exit  ramp  is  expected  to  meet  the  9c-dPA  criterion  at.  .’50 
ft  for  all  directions; 

(2)  The  full-scale  Miramar  Hush  House  exhaust  is  expected 
to  meet  ‘he  85-dRA  criterion  at  250  ft.  for  all  directions,  pro¬ 
vided  that  the  attenuated  .} et  noise  and  not.  the  self-noise  con¬ 
trols  the  exit  noise  in  the  IP 5 -Hr,  and  ?50-Hz  octave  bands. 
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TABLE  2.4.3.  CALCULATION  OF  A-WEIGHTED  SOUND  LEVEL  DUE  TO  EXHAUST  NOISE  ON  THE  250-FT  RADIUS 
IN  THE  DOWNSTREAM  DIRECTION  FOR  A  FULL-SCALE  EXHAUST  STACK  WITH  ACOUSTIC  BAFFLES 


'F-IAA  sound  power  level  (in  dB  re  10" 12  Watt)  with  starboard  engine  at  102%  rpm,  zone  3 
afterburner,  port  engine  at  idle.  Aerospace  Medical  Research  Laboratory  Test  73-016-001, 
Run  03,  Wright-Patterson  AFP,  Ohio. 


OCTAVE  BAND  SPL  (dB  re  0.0002  p.bot ) 


FIG.  2.4.1.  PREDICTED  SPL  AT  CLOSEST  POINT  ON  250-ft  RADIUS, 

F-14A  WITH  AFTERBURNER  COMPARED  WITH  85-dBA  CURVE. 
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Should  t. he  self-noise  control  the  level  in  those  octavo  band:-., 
there  is  the  possibility  that  the  85-dHA  level  will  be  exceeded 
in  the  downstream  direction,  because  the  directivity  index  of 
the  self-noise  in  this  direction  is  substantially  hirher  than 
that  of  the  attenuated  Jet  noise. 

As  reported  in  detail  in  Sec.  8,  the  acoustical  performance 
of  the  full-scale  Miramar  Hush  House  has  been  evaluated  experi¬ 
mentally  by  measuring  exhaust,  noise  spectra  at  different  distances 
and  at  various  angles  from  the  exit  plane  while  an  F-14A  aircraft 
was  operating  with  one  enrine  in  zone  5  afterburner  and  the  other 
engine  was  idling.  From  these  data,  we  have  calculated  the 
octave-band  sound  power  level  spectrum  at  250  ft  of  exhaust  noise 
emanating  from  the  stack.  The  spectrum  is  shown  as  the  solid 
curve  in  Fir.  2.4.2;  the  dotted  curve  in  that  firure  is  1  he  sound 
power  level  spectrum  predicted  (i.e.,  Line  4  of  Table  2.4.?) 
usinr  the  source  sound  power  level  spectra  of  Line  1  in  Table 
2.4.2  and  the  augment er  attenuation  estimated  from  our  scale- 
model  studies. 

Comparison  of  these  two  curves  shows  a  satisfactory  agreement 
between  the  measured  and  predicted  spectra.  The  larrest.  discrep¬ 
ancy  i.e.,  the  one  at  125  Hz  -  may  well  bo  the  result,  of  .-round 
reflection  effects  in  t.he  source  strength  data  of  Ref.  ]  .  The 
discrepancy  above  2000  Hz  is  due  to  our  conservative  ‘'Stimation 
of  augment  er  attenuation  at.  these  birth  frequencies ,  which  are  be¬ 
yond  t.he  upper  frequency  limit  where  scale-model  data  were  avail- 
aide.  He  Terr  in**  back  to  Fir.  2.4.1,  one  can  see  that  t  hose  hi  rh 
frequencies  do  not.  contribute  t.o  the  A-wei  rhted  exhaust  noise. 
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OCTAVE  BAND  SOUND  POWER  LEVEL  (  dB  re  10'12  watts  ) 
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31.5  63  125  250  500  1000  2000  4000  80< 

OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


FIG.  2.4.2.  PREDICTED  AND  MEASURED  PWL  SPECTRA  OF  THE  EXHAUST 
NOISE  FOR  THE  FULL-SCALE  MIRAMAR  HUSH  HOUSE. 
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2  .5  Augmenter  Design  Procedure 


The  application  of  the  data  presented  in  Sections  2.1,  2.2  and  2 .3  to 
the  design  of  a  typical  sound-absorbing  augmenter  and  Hush  House  for  one  or 
more  aircraft  and  operating  situations  is  a  trial-and-error  procedure.  One  must 
assume  augmenter  cross-sectional  sizes,  lengths,  etc.  and  estimate  how  each 
assumed  design  performs  in  terms  of  augmenter  wall  temperature  and  external 
noise  with  one  or  more  aircraft.  A  block  diagram  summarizing  the  augmenter 
design  procedure  is  presented  in  Figure  2  .5-1. 


FIGURE  2.5-1.  BLOCK  DIAGRAM  OF  AUGMENTER  DESIGN  PROCEDURE 
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The  first  step  in  the  design  procedure  is  to  find  the  augmenter  cross- 

sectional  shape  of  smallest  area  which  will  1)  provide  a  low  enough  augmenter 

exit  flow  velocity  so  that  the  noise  created  by  the  flow  leaving  the  augmenter 

T 

is  not  excessive  and  2)  avoid  excessive  wall  temperatures  (  wall  £900°F). 

acceptable 

To  keep  the  noise  generated  by  the  augmenter  exit  flow  within  acceptable  limits 
in  meeting  a  particular  noise  requirement,  the  ratio  of  augmenter  cross-sectional 
area  to  maximum  jet  nozzle  throat  area  must  satisfy  the  criteria  listed  in  Table  2  ,5-1. 


TABLE  2.5-1 

Ratio  of  Augmenter  Cross-Sectional 
Area  to  Maximum  Jet  Nozzle  Throat 
Area  required  to  Avoid  Excessive 
Augmenter  Exit  Flow  Noise 


Noise 
Criteria 
at  250  ft. 

One  Engine  at 
Max .  RPM 

aa/ant  * 

Two  Engines  at 
Max.  RPM 

Vant  2 

95  dBA 

18 

16 

85  dBA 

24 

21 

75  dBA 

30 

26 

where:  A^ 

is  the  augmenter  cross 

-sectional  area 

Ant  is  the  Jet  nozzle  throat  area  neglecting 
the  throat  area  of  idling  engines 


After  determining  the  minimum  augmenter  cross-sectional  area  which  will 
satisfy  the  flow  noise  requirement,  an  augmenter  cross-sectional  shape  which 
best  suits  the  various  aircraft  engine  placements  should  be  selected  and 
various  cross-sectional  sizes  having  areas  equal  to  or  greater  than  the 
noise  related  minimum  should  be  assumed.  Figures  2.1-1,  2.1-3,  2.2-2, 
2.2-3  and  2.2-4  should  then  be  applied  as  discussed  in  Section  2.2  to 
estimate  the  maximum  augmenter  wall  temperature  for  each  augmenter  cross- 
section  size  with  the  aircraft  configuration  and  engine  power  setting  identi¬ 
fied  as  most  critical  from  an  augmenter  wall  temperature  standpoint  (if  one 
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aircraft  type  to  be  accommodated  had  offset  or  deflected  afterburning  engines, 
such  as  the  F-14,  it  would  be  the  likely  aircraft  to  assume  in  calculating  the 
augmenter  wall  temperature) .  From  the  results  of  these  wall  temperature  calcu¬ 
lations,  it  will  be  possible  to  select  the  augmenter  cross-section  of  smallest 
area  with  which  both  the  noise  and  wall  temperature  limitation  can  be  met. 

After  the  augmenter  cross-section  has  been  sized,  Figures  2.1-1,  2.1-3 
and  2  .1-4  can  be  applied  to  determine  the  maximum  air  flow  rate  through  the 
Hush  House  for  air  inlet  sizing.  The  critical  aircraft  and  engine  operating 
conditions,  with  respect  to  maximum  air  flow,  may  be  different  from  that  for 
sizing  the  augmenter.  In  the  case  of  a  Hush  House  for  the  F-14A,  one  engine 
operating  in  maximum  afterburning  sizes  the  augmenter  cross-section,  but  two 
engines  operating  in  maximum  non-A/B  generate  the  largest  air  flow. 

The  final  step  in  the  augmenter  design  procedure  is  to  determine  the 
absorptive  augmenter  length  required  to  meet  the  external  noise  criteria. 

This  requires  the  application  of  known  or  estimated  aircraft  noise  data, 
along  with  the  data  presented  in  Section  2,3  and  the  desired  external  noise 
specification.  Again,  the  critical  aircraft  and/or  operating  condition  from 
a  noise  standpoint  could  conceivably  be  different  from  those  which  sized  the 
augmenter  cross-section  or  gave  the  maximum  Hush  House  inlet  air  flow. 

In  determining  the  augmenter  noise  reduction  required  to  meet  the  external 
noise  specification,  it  is,  of  course,  necessary  to  remember  that  the  augmenter 
exit  noise  is  only  one  noise  source;  others  being  noise  escaping  through  the 
Hush  House  air  inlet  and  that  transmitted  through  the  walls  . 

Special  consideration  may  have  to  be  given  to  the  sizing  of  the  augmenter 
entrance  or  to  the  incorporation  of  suitable  entrance  baffles  when  designing  to 
accommodate  aircraft  with  unusual  jet  nozzle  orientations  .  The  A-6  is  an 
example  of  such  an  aircraft.  It  has  a  distance  between  jet  exhaust  nozzle 
centers  of  7  ft.  and  a  lateral  outward  jet  deflection  of  6°,  plus  a  long-distance 
between  the  nozzle  exits  and  the  tail.  Thus,  capture  of  the  exhaust  Jets  is 
difficult.  Since  this  aircraft  has  non-- afterburning  engines,  augmenter  wall 
heating  is  not  a  problem  and  the  basic  augmenter  cross-section  would  rc.t 
ordinarily  be  sized  for  this  aircraft  if  it  is  only  one  of  a  greup  being  adapted. 
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3  .0  FACILITY  DESCRIPTION 

As  mentioned  in  Section  2  .0,  the  test  facility  consisted  of  two  reverberant 
rooms  separated  by  a  sound  insulating  wall  through  which  the  augmenter  pro¬ 
jected  in  most  tests.  One  of  these  rooms,  referred  to  as  the  burner  enclosure, 
corresponded  to  the  Hush  House  interior;  the  other,  the  exhaust  enclosure, 
corresponded  to  the  out-of-doors.  Figures  3.0-1  and  3.0-2  are  a  plan  view 
and  elevation  view,  respectively,  showing  the  relationship  between  these  two 
rooms.  The  volume  of  the  burner  room  was  approximately  1630  cu.  ft.  and 
that  of  the  exhaust  room,  5460  cu.  ft. 

In  order  to  eliminate  significant  flanking  noise  sources,  insure  good 
reverberation  characteristics  at  frequencies  up  to  20,000  Hz  and  contain  all 
of  the  significant  noise,  these  rooms  had  to  be  properly  sized  and  their  walls, 
including  the  separating  wall,  carefully  designed  and  constructed.  With  jet 
and  meter  flow  velocity  information  supplied  by  FluiDyne,  BB&N  made  estimates 
of  the  various  primary  and  secondary  source  noise  levels  and  specified  accept¬ 
able  wall  surface  treatment  and  wall  construction  and  insulation  procedures 
needed  to  insure  that  the  principal  noise  being  measured  was  not  masked  by 
some  flanking  noise  and  could  be  measured  accurately.  As  a  result  of  their 
design  inputs,  the  walls  were  constructed  with  plywood  surfaces  and  these 
surfaces, in  both  the  burner  enclosure  and  exhaust  enclosure,  were  painted 
with  a  primer  and  epoxy  paint  and  the  joints  between  sheets  of  plywood  were 
sealed  to  avoid  leaks  which  would  reduce  both  the  sound  transmission  loss 
and  the  achievable  reverberation  time.  The  wall  and  roof  surfaces  of  both 
enclosures  were  supported  on  2x6  framing.  The  burner  enclosure  had  ply¬ 
wood  both  inside  and  outside  of  the  framing  and  a  4"  thick  insulating  fiberglass 
fill  to  reduce  sound  transmission.  The  exhaust  enclosure  walls  had  only  the 
interior  plywood  surface,  while  its  roof  had  plywood  on  both  sides  for  structural 
purposes.  The  separating  wall,  which  formed  the  upstream  wall  of  the  exhaust 
enclosure,  was  similar  to  the  burner  enclosure  walls,  except  where  it  formed 
the  interface  between  the  burner  enclosure  and  exhaust  enclosure.  Since  this 
area  was  critical  from  a  sound  transmission  standpoint,  a  third  plywood  barrier 
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was  installed  on  the  burner  enclosure  side  and  the  1"  space  between  it  and 
the  basic  wall  was  filled  with  fiberglass.  This  surface  was  structurally 
isolated  from  the  basic  wall  to  minimize  noise  transmission .  In  addition, 
all  corners  in  the  burner  enclosure  were  carefully  caulked.  Acoustically 
sealed  access  doors  were  placed  in  the  burner  enclosure  and  the  separating 
wall.  BB&N  also  considered  the  reverberation  characteristics  of  the  exhaust 
enclosure  in  determining  an  acceptable  size  for  the  exhaust  ports  and  vents 
in  the  exhaust  enclosure  . 


Figures  3.0-3  and  3.0-4  contain  photos  showing  general  views  of  the 
burner  and  exhaust  enclosures,  as  well  as  photographs  of  the  principal 
facility  instrumentation  installed  in  each.  Microphones  having  a  traverse 
length  of  6  ft.  were  placed  in  both  enclosures.  Data  from  these  micro¬ 
phones  were  recorded  simultaneously  using  a  precision  multi-track  tape 
recorder.  Figure  3.0-3  also  contains  a  view  of  the  secondary  (pumped) 
flow  meter.  Design  of  the  burner  enclosure  to  be  acoustically  tight  essen¬ 
tially  insured  air  tightness  as  well.  All  of  the  air  pumped  by  the  ejector 

action  of  the  model  jet  nozzle  was  metered  by  this  installation.  The  aug- 

P  /P 

menter  total  pressure  ratio,  T  T  .  ,  was  varied  during  the  test 

ScC-  cXll 

program  by  varying  the  length  of  subsonic  diffuser  on  the  secondary  flow 
meter.  Secondary  flow  meter  instrumentation  included  secondary  air  meter 
inlet  total  pressure,  total  temperature  and  throat  static  pressure.  Burner 
enclosure  (Hush  House  interior)  pressure  and  temperature  (ambient  tempera¬ 
ture)  and  exhaust  enclosure  (ambient)  pressure  and  temperature  were  also 
recorded.  These  all  appear  in  Figure  3.0-2. 
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FIGURE  3  .0-2  OVERALL  TEST  LAYOUT  -  ELEVATION 


FIGURE  3.0-4.  PHOTOGRAPHS  OF  EXHAUST  ENCLOSURE 
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4.0  MODEL  DESCRIPTION 


Basically,  the  model  geometry  simulated,  at  1/15  scale,  the  F-14A  with 
one  P<SW  TF-30P412  engine  operating  in  maximum  afterburning  mode  installed  in 
the  Miramar  Hush  House  with  its  90  ft.  long  obround,  acoustically  treated, 
augmenter  tube  and  ramp.  For  the  test  program,  the  jet  nozzle  was  operated 
over  a  range  of  pressure  ratios  and  jet  total  temperatures,  and  at  different 
locations  and  deflections  relative  to  the  inlet  of  the  augmenter.  Different 
lengths  of  acoustically  treated  augmenters  were  run,  two  different  acoustic 
liner  designs  were  tested  (including  simulation  of  the  full-scale  Miramar 
treatment)  and  tests  were  run  with  and  without  the  augmenter  exit  ramp.  In 
addition,  different  lengths  and  diameters  of  round,  hard-walled  augmenters 
were  run  with  and  without  subsonic  diffusers  principally  to  obtain  augmenter 
pumping  data  and  a  hard-walled  obround  augmenter  with  exhaust  stack  and 
acoustic  baffles  was  tested.  The  following  subsections  describe  the  model 
hardware  which  made  it  possible  to  economically  test  with  such  a  wide  range 
of  variables . 

4 . 1  Burner,  Nozzle  and  Stand 


Figures  4 . 1-1,  4.1-2  and  4.1-3  contain,  respectively,  a  drawing  of  the 
nozzle  liner  simulating  the  F-14A  engine  in  maximum  afterburning  mode,  a 
drawing  of  the  burner,  nozzle  and  stand  assembly  and  photographs  of  the 
burner  and  stand  and  the  burner  control  panel.  The  burner  itself  was  designed 
and  built  by  FluiDyne  and  operates  using  propane  and  air  as  the  combustants  . 
These  are  metered  through  choked  AS  ME  contoured  metering  nozzles  and  injected 
into  the  burner  at  several  circumferential  locations  to  enhance  mixing.  There 
are  two  separate  combustant  supply  paths,  one  to  the  pilot  burner  and  the  other 
to  the  main  burner.  A  high  intensity  spark  ignition  system  is  used  to  ignite 
the  pilot  burner.  The  burner  control  system  utilizes  solenoid  operated  valves 
in  such  a  way  that  operation  is  essentially  automatic  once  pilot  and  main 
burner  air  and  propane  meter  pressures  have  been  preset  on  the  control  panel 
(Figure  4.1-3b)  and  the  safety  interlock  switch  located  in  the  test  area  has 
been  turned  on.  Pushing  the  start  button  opens  the  pilot  propane  valve  and 


FIGURE  4.1-1  NOZZLE  FOR  SIMULATING  AFTERBURNING  F-14A  AT  1/15  SCALE 


FIGURE  4.1-2  BURNER,  NOZZLE  AND  ADJUSTABLE  STAND  ASSEMBLY 
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energizes  the  ignition.  When  the  pilot  burner  internal  thermocouple  senses 
ignition,  the  main  combustant  flows  come  on  and  ignite.  Usually  final,  manual 
adjustment  of  the  controls  is  used  to  get  the  exact  jet  nozzle  pressure  ratio 
condition  desired.  If,  for  some  reason,  the  main  combustant  flow  doesn't 
ignite,  a  propane  "sniffer"  in  the  exhaust  enclosure  automatically  shuts  the 
combustant  flow  off.  The  burner  proper  (Figure  4.1-2)  has  a  7  in.  inside  dia¬ 
meter  by  6  ft.  long,  ceramic  lined,  combustion  chamber  with  an  inner  steel 
liner  to  prevent  expulsion  of  spalled  ceramic  by  the  burner.  This  inner  liner 
is  uncooled  so  it  is  equipped  with  a  thermocouple  and  limit  switch .  If  the  liner 
temperature  exceeds  900°F,  the  burner  shuts  off  (at  3000°F,  this  limits  runs 
to  about  30  seconds  duration) .  The  burner  can  be  turned  off  manually  by 
pushing  the  stop  button  on  the  control  panel  or  by  pushing  the  safety  interlock 
switch  stop  button  down  in  the  test  area  .  Pushing  either  stop  button  opens 
the  safety  interlock  switch  so  that  it  must  be  turned  on  manually  in  the  test 
area  before  another  run  can  be  made.  The  burner  is  capable  of  running  cold 
(no  combustion)  and  over  a  range  of  "hot"  temperatures  from  1400°R  to  3500°R. 

It  is  also  capable  of  withstanding  internal  pressures  as  high  as  300  psia  . 

Burner  system  instrumentation  consists  of  primary  and  pilot  propane  and  air 
meter  total  pressures  and  primary  air  and  propane  meter  total  temperatures, 
as  well  as  a  combustion  chamber  pressure  measurement  which  corresponds  to 

P 

the  jet  nozzle  total  pressure  T^  . 

The  1/15  scale  F-14A  model  Jet  nozzle  is  flanged  to  the  downstream  end 
of  the  burner  combustion  chamber  and  has  a  2  .50  in.  diameter  throat  and  2  .74 
in.  exit  diameter  (Figure  4.1-1) .  Because  of  the  high  heat  flux  at  the  nozzle 
throat,  the  entire  nozzle  is  water-jacketed  and  a  centrifugal  water  pump  re¬ 
circulates  about  80  gpm  of  cooling  water  through  the  water  jacket.  An  external 
nozzle  base  surface  pressure  tap  was  placed  about  1/4"  away  from  the  nozzle 
exit  to  make  possible  a  determination  of  the  effect  of  Hush  House  operation  on 
the  aircraft  nozzle  base  pressure. 

The  adjustable  stand  shown  in  Figures  4.1-2  and  4.1-3  made  it  possible 
to  place  the  Jet  nozzle  exit  in  different  positions  relative  to  the  augmenter 
entrance.  The  stand  was  built  with  two  base  frames,  resting  on  lateral  I-beams, 


-  76  - 


Flu/ Dyne  engineering  corporation 


making  possible  axial  and  lateral  translation  in  addition  to  lateral  deflection, 
using  a  hinge  point  which  remained  at  the  same  axial  location  as  the  Jet  nozzle 
exit.  Marks  were  scribed  on  the  I-beam  cross  members  for  the  different  lateral 
positions  and  other  scribe  marks  made  angular  settings  easily  obtainable.  Shims 
were  also  provided  for  raising  the  Jet  centerline  and  for  vertical  plane  angular 
deflection.  Adjustments  made  during  the  test  program  included  varying  the 
axial  position  of  the  nozzle  exit  from  18"  away  from  the  augmenter  entrance  to 
a  position  contiguous  with  it,  moving  the  nozzle  centerline  laterally  from  Jet 
centered-in-augmenter  to  a  4.6"  offset,  vertical  positions  of  centered  and  1" 
above  center,  lateral  angular  deflections  of  0°,  1°  and  3°and  vertical  angular 
deflections  of  0°  and  2°  .  Furthermore,  for  the  Jet  survey  testing  (Figure  4.1-4), 
the  hinge  which  was  used  for  lateral  angular  adjustment  was  removed  and  the 
entire  burner  assembly  slid  downstream  so  that  the  jet  nozzle  projected  into  the 
exhaust  enclosure.  To  make  such  a  wide  range  of  adjustments  possible,  the 
principal  burner  supply  flows  were  brought  in  using  rubber  hoses  .  This  also 
provided  sound  isolation,  as  did  the  rubber  pads  which  were  placed  under  the 
lateral  I-beams  and  supported  the  entire  burner,  nozzle  and  stand  assembly. 

4 . 2  Round,  Hard-Walled  Augmenters  with  Auxiliary  Equipment  and  Instrumentation 

Three  different  diameters  of  round,  hard-walled  augmenter  (8",  12.25”  and 
17.5"  inside  diameter)  were  built  and  used  in  the  aero-acoustic  testing  to  find 
the  influence  of  augmenter  cross-section  to  jet  nozzle  throat  area  ratio, 
on  pumping  performance  and  noise  generation.  These  diameters  correspond  to 
Aa^NT  va*ues  °f  10*25,  24.01  and  49.0.  The  augmenter  tubes  were  built  in 
short  flanged  sections,  making  it  possible  to  test  each  size  through  a  range  of 
length -diameter,  L^/D^,  ratios  corresponding  to  nominally  4,  6  and  8.  These 
length-diameter  ratios  were  chosen  because  they  are  representative  of  current 
Hush  House  augmenter  design  and  because  they  also  cover  the  range  from  slightly 
degraded  augmenter  pumping  performance  (shorter  than  optimum  L^/D^)  to  more 
than  adequate  length  for  good  pumping.  Subsonic  diffusers  were  provided  for 
the  8"  and  12  .25"  diameter  augmenters  .  The  overall  length  of  the  diffuser  for 
the  8"  diameter  augmenter  is  24"  which,  with  a  diffuser  half-angle  of  4°,  gives 
a  diffuser  area  ratio,  A^/A of  2  .02  .  The  12 .25"  diameter  augmenter  was 
provided  with  two  20  in.  lengths  of  subsonic  diffuser  so  that  diffuser  area 
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a.  Jet  Survey  Test  Setup 
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ratios,  Aq/A^,  of  1.51  and  2.13  could  be  tested.  Drawings  and  photos  of 
the  three  augmenter  sizes  and  the  two  stands  which  supported  all  of  the  aug- 
menters  tested  in  this  program  appear  in  Figures  4.2-1,  4.2-2,  4.2-3  and 
4.2-4.  As  with  the  burner  stand,  the  augmenter  stands  rested  on  resilient 
rubber  pads  to  prevent  noise  transmission  into  the  floor.  Also,  the  augmenter 
entrance  was  always  isolated  from  the  separating  wall  through  which  it  projected. 

In  addition  to  having  two  subsonic  diffuser  lengths,  the  12  .25"  diameter 
augmenter  was  provided  with  the  conical  augmenter  entrance  typical  of  all  other 
augmenters  plus  a  round  entrance  and  a  sharp-edged  entrance  for  investigation 
of  the  influence  of  the  augmenter  entrance  "bellmouth"  geometry  on  pumping  and 
noise  generation.  An  inlet  throttle  was  also  tested.  These  various  inlet  con¬ 
figurations  are  shown  in  Figure  4.2-1.  The  12.25"  diameter  augmenter  was 
subjected  to  more  tests  than  the  other  two  because  its  cross-sectional  area 
corresponds  to  that  of  the  1/15  scale  model  obround  augmenter. 

All  three  of  the  augmenter  sizes  were  provided  with  wall  static  pressure 
taps  spaced  1  ft.  apart  and,  those  having  a  subsonic  diffuser,  had  one  static 
pressure  tap  centered  lengthwise  in  each  subsonic  diffuser  section.  Consistent 
with  the  more  extensive  testing  on  the  12.25"  diameter  augmenter,  it  was 
equipped  with  two  cross-sectional  total  pressure-total  temperature  survey  rakes 
making  it  possible  to  study  jet  mixing  progress  inside  of  this  augmenter.  The 
rakes  appear  on  Figures  4.2-1  and  4.2-3. 

4 .3  Obround  Augmenters  with  Auxiliary  Equipment  and  Instrumentation 

These  augmenters,  which  were  used  in  the  aero-thermal  and  acoustic 
testing,  were  all  the  same  cross-section  configuration,  namely,  a  15.5"  wide 
by  9"  high,  aspect  ratio  (15.5/9)  =  1.72,  obround,  simulating  the  NAS  Miramar 
F-14A  augmenter  at  1/15  scale.  In  every  case,  with  hard  or  absorptive  wall, 
the  obround  liner  sections  were  supported  inside  the  same  17.5"  diameter  flanged 
shell  sections  that  formed  the  17  .5"  diameter  hard-walled  augmenter  during  the 
aero-acoustic  testing.  Hard  and  absorptive  liner  sections  were  interchangeable 
so  that  a  hard-walled  liner  section  could  be  substituted  for  the  absorptive  wall 


FIGURE  4.2-1  AERO-ACOUSTIC  TEST  SETUP-  12.25"  DIAMETER  AUGMENTER 


FIGURE  4.2-2  AERO-ACOUSTIC  TEST  SETUP  -  8"  and  17 

DIAMETER  AUGMENTERS 


b.  Survey  Rake  for  )2.?5"  Diameter  A.gmrnter 
FIGURE  4.2-3.  PHOTOGRAPHS  RELATED  TO  AERO  ACOUSTIC  TEST  SETUP 
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when  tests  on  the  latter  were  complete.  By  flanging  the  sections  together,  a 
total  length  of  96  in.  of  absorptive  augmenter  corresponding  to  a  full-scale 
length  of  120  ft.  could  be  formed.  The  augmenter  cross-section  area  to  jet 
nozzle  throat  area  ratio  for  this  configuration  is  A./A.tt  =  25  . 

For  every  obround  augmenter  test,  a  45°  "conical”  augmenter  entrance 
was  provided  and  during  the  acoustic  tests  an  inlet  throttle  was  also  tested 
(see  Figure  4.3-2) .  During  the  aero-thermal  testing,  the  augmenter  exit  flow 
was  not  deflected  in  any  way  (Figure  4.3-1)  whereas  the  bulk  of  the  acoustic 
testing  was  performed  with  an  exit  ramp  simulating  that  of  the  full-scale  NAS 
Miramar  Hush  House  (Figure  4.3-2).  For  the  majority  of  tests,  a  full  length 
absorptive  liner  configuration  designed  by  Bolt,  Beranek  and  Newman  was  used 
(Figures  4.3-4b  and  4.3-5a).  A  full  length  liner  configuration  simulating  the 
full-scale  Miramar  Hush  House  liner  was  also  tested  (Figure  4.3-5b).  Both  of 
these  model  scale  absorptive  liners  are  also  described  in  Figure  4.3-2.  Both 
utilized  an  inner,  porous  mechanical  protective  liner  of  Feltmetal  (Brunswick 
Feltmetal  347-10-30-AC3A-A)  .  To  accommodate  the  thermal  expansion  of  the 
Feltmetal,  it  was  rigidly  attached  only  at  the  upstream  end  of  each  section 
(Figure  4.3-4a) .  Feltmetal  was  also  used  as  the  protective  surfacing  for 
the  ramp  and  ramp  sidewalls  .  Model  scale  simulation  of  the  full-scale 
absorptive  liner  was  achieved  by  maintaining  the  same  total  flow  resistance 
for  the  thin  model  liner  as  the  thick  full-scale  liner  has  .  This  required  that 
the  model  utilize  a  fiberglass  lining  (Owens  Corning  PF-105)  having  much 
finer  fibers  than  the  full-scale  liner,  so  that  the  same  flow  resistance  could 
be  obtained  with  1/15  of  full-scale  thickness.  Figure  4.3-3  shows  a  test 
set-up  with  1  ft.  of  the  absorptive  liner  combined  with  5  ft.  of  hard-walled 
liner.  With  the  short  liner  sections,  it  was  possible  to  test  with  the  1  ft. 
absorptive  section  at  any  of  six  axial  positions  .  During  all  tests  with  the 
obround  augmenter,  the  shell  was  wrapped  with  fiberglass  and  this  was  covered 
with  a  lead  laminate  material  (Acousti-jac)  to  eliminate  substantially  the  trans¬ 
mission  through  the  wall  of  the  augmenter  tube . 

At  the  very  end  of  the  test  program,  a  configuration  consisting  of  6  ft.  of 
absorptive  augmenter,  plus  the  obround  subsonic  diffuser  from  the  stack  and 
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FIGURE  4.3-2  ACOUSTIC  TEST  SETUP  WITH  COMPLETE  ABSORPTIVE 

AUGMENTER  AND  RAMP 
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a.  Obround  Feltmetal  Liner  and  Septums  for  Sound 
Absorbing  Augmenter  Prior  to  Fiberglass  Wrap 


b.  Obround  Liner  and  Septums  after  Fiberglass 
Wrap  ( BB&N  Design) 


FIGURE  4.3-4.  PHOTOGRAPHS  SHOWING  CONSTRUCTION  OF  SOUND 
ABSORPTIVE  AUGMENTER  LINING 
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FIGURE  4 


a.  BB&N  Dfc.'ign  Sound  Absorbing  Liner  after 
I  nsert ion  in  She  1  1 


b.  Simulated  Miramar  Sound  Absorbing  Liner 
after  Insertion  in  Shell 


.3-5.  PHOTOGRAPHS  SHOWING  THE  BB&N  AND  SIMULATED  MIRAMAR 
SOUND  ABSORBING  LININGS 
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b.  Obround  Augments  Pj7j  Surve>  Rake 


FIGURE  4.3-6.  PHOTOGRAPHS  RELATED  TO  THE  ACOUSTIC  AND  AERO 
THERMAL  TEST  SETUPS  WITH  THE  SOUND  ABSORBING 
LINER 


Flu t Dyne  engineering  corporation 


H 


a.  Complete  Sound  Absorbing  Augmcnter  with 
Lead  Exterior  Jacket 


(b.  Complete  Sound  Absorbing  Augment  or  with  Ramp 

and  Ramp  Exit  Rake 

I 

FIGURE  4  3-7  PHOTOGRAPHS  Ot  THi  tOMutltb  s  Oil  NO  ABSORBING  AUGMENTER 
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baffles  configuration  was  tested  with  a  flow  distributing  screen  of  30%  solidity 
placed  at  the  4  ft.  station  (Run  No.  142) .  Only  limited  noise  and  pumping  data 
were  obtained . 

The  absorptive  obround  augmenter  was  extensively  instrumented,  especially 
during  the  aero-thermal  testing.  The  static  taps  at  1  ft.  intervals  in  the  17.5" 
diameter  shell  were  utilized  and  there  were  static  pressure  taps  and  surface  thermo¬ 
couples  attached  to  the  inner  Feltmetal  liner  of  the  augmenter  at  1  ft.  axial  inter¬ 
vals  and  at  various  locations  on  the  perimeter  for  a  total  of  30  inner  liner  pressures 
and  30  thermocouples.  These  were  used  to  define  the  jet  impingement  problem 
with  different  jet  nozzle  orientations  relative  to  the  augmenter.  The  exact 
arrangement  of  these  surface  measurements  is  shown  in  Figure  4.3-1.  In  addi¬ 
tion  to  these  surface  measurements,  the  obround  augmenter  was  also  equipped 
with  two  total  pressure-total  temperature  survey  rakes  having  12  total  pressure 
probes  and  11  total  temperature  probes  each  (see  Figures  4.3-1  and  4.3-6)  and 
with  a  ramp  exit  total  pressure  survey  rake  (Figures  4.3-2  and  4.3-7). 

4.4  Obround  Augmenter  Plus  Stack  and  Baffles  with  Instrumentation 

Figures  4.4-1  and  4.4-2  show  the  final  basic  configuration  which  was 
tested.  This  consists  of  a  hard-walled  obround  augmenter  of  =  4.0, 

a  36"  long  hard-walled  subsonic  diffuser  with  area  ratio,  Ap/A^  =  2  .04,  an 
absorptive  wall  stack  base  (which  also  served  as  the  ramp  base  in  the  absorptive 
obround  augmenter  tests)  containing  hard  surface  turning  vanes  and  an  absorptive 
wall  stack  containing  21  longitudinally  oriented  sound  absorptive  baffles.  The 
absorptive  surface  of  each  baffle  is  protected  with  a  thin  Feltmetal  of  low  flow 
resistance.  The  stack  cross-sectional  area  was  sized  to  limit  the  velocity 
through  the  baffles  to  180  ft. /sec.,  assuming  that  the  baffles  occupied  one- 
half  of  the  area.  During  the  initial  tests  with  this  configuration,  the  baffle 
surface  temperature  got  hot  enough  to  buckle  the  Feltmetal  protective  surface, 
thus  reducing  the  effective  flow  area  through  the  baffles  (see  Figure  4.4-1  for 
gap  during  test) .  All  exterior  surfaces  were  covered  with  fiberglass  and 
Acousti-jac  lead  laminate  material  to  reduce  noise  transmission  so  that  during 
the  model  study,  the  exhaust  noise  would  consist  only  of  what  passed  through 
the  baffles  or  was  generated  by  the  stack  exit  flow. 


-  92  - 


FluiDyne  engineering  corporation 


Instrumentation  for  the  stack  and  baffles  configuration  consisted  of  one 
augmenter  liner  wall  static  pressure  tap  each  foot  of  length,  two  axially  spaced 
subsonic  diffuser  wall  static  pressure  taps,  various  stack  base  static  pressure 
taps  and  between-the-baffles  stack  pressure  taps,  as  well  as  two  stack  exit 
total  temperature  probes  . 
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FIGURE  4.4-1  ACOUSTIC  TEST  SETUP  OF  HARD-WALLED  AUGMENTER 

WITH  ABSORPTIVE  :  K  AND  BAFFLES 
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5.0  MEASURING  EQUIPMENT 


This  section  is  devoted  to  a  description  of  the  pressure,  temperature 
and  noise  measuring  equipment  used  during  the  Hush  House  model  tests  . 
Measurement  errors  associated  with  the  instrumentation  are  presented  and 
the  resulting  probable  error  in  some  of  the  calculated  quantities  is  discussed. 

5 . 1  Measuring  Equipment  used  for  Aerodynamic/Thermodynamic  Data 

Aerodynamic/Thermodynamic  measurements  consisted  primarily  of 
pressures  and  temperatures.  These  measurements  were  then  used  to  calcu¬ 
late  mass  flows,  augmentation  ratio  parameter,  pressure  ratios  and  tempera¬ 
ture  parameters.  The  equipment  used  for  each  measurement  and  the  probable 
error  associated  with  its  use  is  listed  below. 

Pressure  Measurement 


atmospheric  pressure,  Pfaar 

Taylor  aneroid  barometer 
+  0  .005  psi  probable  error 

p 

Jet  nozzle  total  pressure,  T^ 

Heise  bourdon  tube  gauge  0-50  psi  range 
+  0  .015  psia  probable  error  with  barometer 
accuracy  included 

P 

primary  air  meter  total  pressure,  T 

a  m 

Seeger  bourdon  tube  gauge  0-200  psig  range 
+  0  .062  psia  probable  error  with  barometer 
accuracy  included 
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p 

pilot  air  meter  total  pressure,  Tpm 

Ashcroft  dura-gauge  0-60  psig  range 
+  0  .30  psia  probable  error 

p 

secondary  air  meter  total  pressure,  T  , 

sm 

p 

secondary  air  meter  static  pressure,  S  , 

sm 

and  all  model  pressures 

multi-tube  water  manometers  100  inch  range 
_+  0  .00  64  psia  probable  error  with  barometer 
accuracy  included. 

The  Heise  and  Seeger  gauges  are  dead-weight  calibrated  at 
regular  intervals  to  maintain  their  accuracy  in  use. 

Temperature  Measurement 

All  temperatures,  except  outside  air  temperature  were 
measured  with  iron-cons tantan  thermocouples  using 
special  grade  wire.  These  were  recorded  either  with 
a  Bristol  recorder  or  using  reference  junctions  and  a 
VIDAR  digital  data  acquisition  system.  In  both  cases, 
the  accuracy  of  the  thermocouple  wire  governs  the 
probable  error  as  follows; 

up  to  530 °F  the  probable  error  is  +  2 . 1°F 
above  530°F  the  probable  error  is  +  3/8%  of  Top 
(+  4°F  at  T  =  1  ,050°F) 

Relative  Humidity  Measurement 

Outdoor  relative  humidity  measurements  were  taken  at 
regular  intervals  during  each  day  of  testing  to  aid  in  the 
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interpretation  of  the  acoustic  test  data.  Since  ILG 
calibrations  of  the  reverberant  rooms  were  taken  with 
each  test  run,  this  information  is  merely  supplementary 
rather  than  essential.  A  Lambrecht  hygrometer  was 
used  for  the  relative  humidity  measurement.  Its 
expected  accuracy  is  +  2%  in  relative  humidity. 

Figure  5.1-1  is  a  composite  showing  the  test  data  recorded  for  a  particular 
run.  A  manometer  board  photo,  gauge  photos  and  the  digital  printout  of  thermo¬ 
couple  data  are  included . 

At  this  point,  it  is  of  interest  to  consider  how  the  probable  errors  in  the 
various  measurements  influenced  the  accuracy  of  various  calculated  quantities. 

The  jet  nozzle  mass  flow,  W^,  retains  a  probable  error  of  only  about  +  0.25% 
because  the  metering  nozzles  are  choked  and  the  principal  measurement  accuracies 
are  good.  The  secondary  mass  flow  and  augmentation  ratio  parameter,  ARP,  on 
the  other  hand,  may  have  probable  errors  as  high  as  +  4%  at  low  ARP  values  of 
about  2.0  because  the  secondary  venturi  flow  meter  is  unchoked  and  the  meter 
throat  Mach  number  and  corresponding  isentropic  area  ratio  are  very  sensitive 
to  inaccuracies  in  the  secondary  meter  total  and  static  pressure  measurements  . 
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Jet  Nozzle  Total  Pressure  Primary  Air  Meter  Total 

Pressure 


Manometer  Board 

Run  No.  43 

Barometer  Reading  =28.775  in.  hg. 
Pilot  Air  Meter  Pressure*  27  PSJG 


1  I  0  4  2  56° 

0 0 4 <» 2 C  391350 
004?  1  0  8  ft  fc  4  6  0 
0046  1  i  629  1  60 
0  0  4  5  1  146516° 
00441C640360 
00431. 761360 
t  0  4  2  1  C 653460 

Thermocouple  Readings 


Outside  Air  Temperature  =  34®F 
Outside  Relative  Humidity*  71S 


FIGURE  5.1-1.  0ATA  TAKEN  DURING  A  TYPICAL  TEST 
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5.2  Acoustical  Measurement  Equipment 


Measurements  of  sound  pressure  level  were  made  simultaneously 
in  the  two  reverberation  rooms  (burner  room  arid  ex  ha  us1-  room )  dur- 
inr  each  jet  run.  Figure  5.2.1  is  a  block  diamram  of  the  instru¬ 
mentation  used  to  record  and  analyse  the  acoustic  si. '-rials.  In 
each  room,  a  1/2-in.  Bruel  &  K.jaer  (P&K)  Type  4]  34  microphone  was 
traversed  over  a  6-ft  path  durinr  the  ,iet  run,  after  the  jet 
temperature  and  flow  rates  had  stabilized.  The  microphone  polar¬ 
ization  voltage  was  provided  by  a  General  Radio  (OR)  Type  P-42 
preamplifier.  Signals  from  the  microphone-preamplifier  sets  were 
amplified  by  Ithaco  Model  453  amplifiers  and  recorded  on  the  two 
"data"  channels  of  a  Kudelski  Narra  IV-SJ  tape  recorder.  The 
"cue"  channel  of  the  Napra  IV-SJ  was  used  for  announcements  of 
run  number,  rain  settings  of  the  Ithaco  amplifiers,  and  attenu¬ 
ator  settings  of  the  tape  recorder.  The  identical  instrumentation 
and  process  was  used  to  record  sound  pressure  levels  in  each 
reverberation  chamber  when  a  calibrated  reference  sound  source 
(an  "ILCi"  fan  manufactured  by  ILJ  Industries,  Inc.)  was  operated 
in  one  of  the  rooms. 

Durinr  recording,  the  sirnal  recorded  on  each  da4- a  channel 
was  monitored  on  both  the  recorder  Vr  meters  and  on  a  dual-trace 
Tektronix  Model  531  oscilloscope.  This  monitorin’  assured  that 
the  recordings  were  made  with  the  maximum  possible  si-nal-to- 
noise  ratio  without  overloading  the  input  amplifiers.  Jr:  addi¬ 
tion,  two  system  calibration  signals  were  recorded  at  intervals 
to  assure  that  the  response  of  the  record-playt  ick  sys'em; 
remained  constant  with  time: 


1.  a  R&K  Type  4220  pist.onphone  placed  over  'he 
in  each  room,  and 


.iororhone 


2.  pink  noise  at  the  input  to  the  Ithaco  amplifier. 
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BURNER  ROOM 


EXHAUST  ROOM 


FIG.  5.2.1. 


BLOCK  DIAGRAM  OF  ACOUSTICAL  INSTRUMENTATION. 
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The  M&K  pistonphone,  which  is  calibrated  to  produce  a  sound 
pressure  level  of  1?4  dh  re  0.000?  pbar,  also  provided  the  abso¬ 
lute  calibration  necessary  to  convert  the  microphone  sirnal  from 
voltage  level  to  sound  pressure  level. 

When  time  permitted  durinr  the  test  schedule,  the  tape- 
recorded  signals  were  played  back  through  the  OR  Model  1921  1/3- 
octave  band  real-time  analyser.  After  accounting  for  both  record 
and  playback  amplifier  cain  settings,  the  output  of  the  OR  1921 
was  an  X-Y  plot  of  1 /3-octave  band  sound  pressure  level  (in  dP  re 
0.000/  ubar)  vs  1/3-octave  band  center  frequency.  Firure  5.?.? 
is  an  example  of  a  typical  data  output  ,  showinr,  data  measured  in 
the  exhaust  room  for  jet  run  number  86.  Ambient,  levels  (i.e., 
background  noise  levels  with  jet  not  running)  recorded  after  run 
86  are  also  shown  in  Fist-  9-0.2.  Similar  data  were  plotted  for 
the  IL0  run.  The  ILG  w s  run  immediately  after  the  jet  was  shut 
down  in  the  exhaust  room  for  nearly  all  runs  and  somewhat  later 
in  the  burner  room  for  approximately  every  second  run.  For  all 
playback  analysis,  the  sirnal  integration  time  of  t he  ;R  1 9 T 1  was 
selected  to  be  8  sec  to  correspond  to  t  he  approxitri*  oly  9-sec 
traverse  time  of  the  microphones.  The  8-sec  sirnal  interrat  Ion 
occurred  continuously  as  the  microphone  traversed;  thus,  the  GR 
1 921  output  was  a  true  space-time  averare  of  the  sound  pressure 
levels  alone  the  6-ft  path. 

The  microphone  sirnals  could  also  he  analysed  direct4  ly,  in 
"real  time",  usin,'  the  GR  l°fl.  This  mode  was  used  ‘o  check 
microphone  calibration  (but  nol  record-playback  system  calibra¬ 
tion)  ustne  the  B&K  pistonphone.  This  mode  of  measurement  was 
also  used  for  several  analyses  for  which  tape-record i nr  was  un¬ 
necessary;  these  included: 
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•  Initial  revorber.nl  ion  room  checkout 

•  Measurement  of  no]  so  reduction  of  the  <11  v  id  in.-  wall  !  ■  t.  v-:e<  r. 
rooms 

•  Measurement,  of  no- f  low  attenuation  of  t.  he  1 1  n<-d  an  '■■  ■  rr  :v 
usinr,  loudspeaker  e.vcit  alien. 

The  microphone  t inverses  were  control]--  ]  at  a  : an  :  I, .caved 
next  to  the  tape  recorder.  The  panel  had  switcher  •  ,  , 

st  op,  and  reverse  the  microphones  as  well  as  1 1  -lit  s  •  ha-  Indira* 
the  position  of  each  microphone,  ''.'his  pet  -ut>  allow-  -  i  annur. ce¬ 
ment  of  microphone  start  and  sto:  t  imes  on  the  cue  rha- ,n- ■  i  of  t.h 
tape  recorder,  thus  enablin'  'JR  1:V1  simal  intr-cr.af  i herln 
at  the  proper  time  d urine  playback . 

The  uncertainty  of  any  rl  n-*le  measurement  of  r<  •v:.-av-ir".e*o 
sound  pressure  level  is  estimated,  to  have  a  standard  .a- via”  ion 
of  1 .  v>  di-  at  bt.iO  Hu  and  below,  0 . r-  di-  he’  ween  t-3°  .and  - ,  -  '•(,  Hr, 
and  1  dH  at  L;\;SOO  Hr  and  above. 
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6.0  DATA  ANALYSIS  PROCEDURES 

The  methods  used  in  analyzing  the  test  data  are  discussed  in  this 
section  and  the  data  reduction  equations  listed. 

6 . 1  Jet  Nozzle  Pressure  Ratio,  Total  Temperature,  and  Mass  Flow  Rate 


These  three  quantities,  the  jet  nozzle  pressure  ratio,  X. ^  ,  jet  nozzle 
inlet  total  temperature,  ^T^  ,  and  jet  nozzle  mass  flow  rate,  W^,  are  derived 
from  the  following  five  measurements: 


Jet  nozzle  inlet  total  pressure,  T^j  • 

P 

Primary  air  meter  inlet  total  pressure,  T^^ 

P 

Pilot  air  meter  inlet  total  pressure,  Tp^  . 


Ambient  pressure,  Pamb  • 


Primary  air  meter  inlet  total  temperature,  T^M  . 

Jet  nozzle  pressure  ratio  is  simply  the  ratio  of  Jet  nozzle  inlet  total 
pressure  to  ambient  pressure 

^T 

XN  =  -p-^-  .  (eqn.  6.1.1) 

a  mb 

Jet  total  temperature  requires  a  more  complicated  relationship.  If  one 
neglects  the  fuel  flow  (which  is  relatively  small  compared  to  the  air  flow), 
assumes  that  the  resulting  air  flow  acts  as  a  perfect  gas  and  assumes  continuity 
between  the  air  meters  and  Jet  nozzle  throat  one  develops  the  following  relation¬ 
ship  between  pressures  and  temperatures 


tn*ant 

- I 

T 

\  tn 


jet  nozzle 


T  *  A 

lAM  AM 


prima  ry 
air  meter 


tpmapm 

/ T? 

V  1  PM 


pilot  air 
meter 


-  105  - 


Flu/ Dyne  engineering  corporation 


then  assuming  that  the  primary  and  pilot  air  meter  total  temperatures  are 
T  T 

equal  (  TpM  =  TAM  )  and  introducing  the  fact  that  the  pilot  meter  throat 
area  is  6.9%  of  the  primary  air  meter  throat  area  one  derives  the  following 
equation  which  is  correct  for  non-combustion  flow  conditions . 


TAM 


(PT  +  0.069  P  v 
l  XAM  1  PM ' 


For  our  data  reduction  process,  the  presence  of  the  fuel  flow  at  each  temperature 
and  the  affect  of  combustion  on  the  noz2le  exhaust  gas  properties  were  taken 
into  account  and  the  curve  shown  in  Figure  6.1-1  developed.  This  curve  was 
programmed  into  our  time-sharing  computer  for  data  reduction  purposes,  giving 


For  calculating  the  total  jet  nozzle  mass  flow  rate,  WN#  the  mass  flow  of 

the  choked  primary  plus  pilot  air  meters  was  corrected  for  the  theoretical  fuel  flow 

T 

required  to  give  the  ratio  of  calculated  above  (Figure  6.1-2).  Again, 

it  was  assumed  that  TTpjvI  =  ^TAM  and  that  the  discharge  coefficients  of  the 
primary  and  pilot  meters  are  equal. 


WN  =  (  0.532* 


dam 


*  T  *  A  W 

+  0.532*  ■  PM. ‘PM  EM.)  (1  +  .  Wft°l  ) 

/tI  ’  Wair  meters 

V  !AM 


0 .532 


(PXAM  +  0.69  PTpM)  Mrj-fl) 

XAM 


Fig.  6.1-2 


(eqn  6.1.3) 
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The  computer  program  used  in  calculating  jet  nozzle  pressure  ratio,  jet 

nozzle  total  temperature,  iT^,  jet  nozzle  mass  flow  rate,  W^,  and  the 
following  quantities  of  secondary  air  flow  rate  and  augmentation  ratio  parameter 
are  included  in  the  separate  Data  Appendix  under  the  program  title  "Mass  Flow 
Data  -  Project  1019, "  along  with  the  computer  printouts  of  the  calculated  results  . 


Pumped  Air  Flow  Rate  and  Augmentation  Ratio  Parameter 


Measurement  of  augmenter  pumping  performance  was  a  prime  objective  of 
this  test  program.  To  accomplish  this,  a  venturi  meter  with  a  contoured  approach 
was  installed  in  the  ceiling  of  the  burner  enclosure  and  instrumented  as  follows: 

D 

Secondary  air  meter  inlet  total  pressure,  tq.  .  . 

o  1V1 

Secondary  air  meter  throat  static  pressure,  Pg^. 

T 

Secondary  air  meter  total  temperature,  Tg^  . 


The  secondary,  or  pumped,  air  flow  rate,  wpumpe(j  *  was  calculated 
directly  from  these  measurements 


Wpumped  WS) 


0.532  *C,-.  x  P„ 

SM  xSm  SM 

I  *  ("A*  ^  M 
I  SM  Msec,  meter 


(eqn  6.2.1) 


where:  <aT»m 


sec.  meter 


and  can  be  explicitly  defined  using  compressible  flow  relationships  . 


An  augmentation  ratio  parameter,  ARP,  has  been  defined  as  follows: 


ARP 


(eqn  6.2.2) 
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where: 


W 


pumped 


W 


N 


augmentation  ratio  . 


The  augmentation  ratio  parameter  is  formed  from  the  augmentation  ratio  by 
multiplying  each  flow  rate  by  its  corresponding  ^yT^/mw  .  For  a  given 
geometry,  etc.,  the  augmentation  ratio  parameter  is,  therefore,  proportional 
to  the  ratio  of  pumped  flow  momentum  flux  to  primary  (nozzle)  flow  momentum 
flux . 


In  this  relationship,  the  pumped  flow  corresponds  to  outside,  ambient 
temperature  air  which  passes  through  the  Hush  House.  If  the  above  expression 
for  WpUmpec|  is  put  in  a  slightly  approximate  but  more  basic  form 


4 


K*  /mw  .  *  x  P, 


air 


W 


pumped 


dsm  tsj\/s 


M 


,JU 

LT  X  'A*' 
SM  -  M 


sec.  meter 


and  a  similar  approximate  equation  for  the  Jet  nozzle  mass  flow  is  introduced 

K* 


s/""Vcd.;pt„«a. 


w 


N 


N  XN  NT 


7% 


and,  in  addition,  it  is  assumed  that  the  burner  enclosure  temperature  which 

corresponds  to  T  .is  equal  to  the  secondary  air  meter  total  temperature, 
iji  9  rr*D 

XgM'  anfi  the  throat  discharge  coefficients  of  the  meter  and  nozzle  are  equal, 
the  following  simple  equation  develops  for  deriving  ARP  from  the  test  data: 


ARP 


?T  *  A 

j|5M_SM 

^T  X  ^NT  (~ ) 

N  NT(A*>m 


41 


(A /A* 


M 


sec.  meter 


sec.  meter 


(eqn  6.2.3) 


During  the  testing,  the  difference  between  secondary  meter  total  temperature 
and  burner  enclosure  temperature  (Tgm^  )  was  typically  10°F  which  would 
introduce  an  error  of  only  1%  in  ARP. 
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6.3  Pressure  Data  Reduction 


After  conversion  from  gauge  or  manometer  readings  to  absolute  pressures, 
the  model  pressure  data  were  reduced  in  two  different  ways:  1)  to  the  ratio  of 
measured  pressure  to  reference  ambient  pressure,  and  2)  to  a  pressure  parameter. 
The  ratio  is  formed  as  follows: 


P 

D 

EE  {exhaust  enclosure) 


(eqn  6.3.1) 


This  form  was  used  throughout  the  data  presentation.  The  following  pressure 

P 

parameter  has  some  value  in  the  presentation  of  jet  mixing  data  (where  P  =  Tra^e) 
and  it  appears  on  the  computer  printouts  in  the  Data  Appendix,  but  it  was  not  used 
in  the  data  presentation  of  this  report. 

P  -  P  .  P  -  P_r 

Pp  —  p "  _  p  *  ’  —  p  p  (eqn  6.3.2) 

Tn  a mb.  TN  EE 

The  computer  program  used  to  calculate  these  quantities  from  the  raw  test 
data  are  included  in  the  separate  Data  Appendix  under  the  title,  "Pressure  Data 
Program  -  Project  1019." 


A  special  parameter  was  defined  for  the  Jet  nozzle  base  pressure  to  show 
how  the  base  pressure  would  be  influenced  by  Hush  House  operation. 


‘NB. 


(PNB  '  Pinterior)hush  houge'  {PNB  ~  Pamb)free  field 


(full  scale) 


a  mb 


(eqn  6.3.3) 


(fVm  _  ^RF^  -  (PNR  ~  ^*FF^ 

_ L  with  auqmenter _ jet  survey 


EE 


(model) 


(eqn  6.3.4) 
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T 


p 


T  -  T  -  TbE  (burner  enclosure) 


(eqn  6.4.4) 


This  parameter  is  useful  because,  for  jet  mixing  cases,  the  value  of  this  parameier 

T 

at  a  particular  location  does  not  change  much  with  T^,  which  gives  results 
expressed  in  this  form  a  degree  of  applicability  not  characteristic  of  simple 
temperature  ratios  such  as  T/T  ^  . 


The  computer  program  used  to  calculate  this  temperature  parameter  is 
included  in  the  separate  Data  Appendix  under  the  title,  "Temperature  Data  - 
Project  1019,"  along  with  the  calculated  results  printout. 
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6.5  Analysis  of  Acoustic  Data 

The  objective  of  the  acoustical  measurements  was  to  obtain 
sound  power  level  spectra  for  a  scale  model  that  could  be  used  to 
predict  the  jet  exhaust  noise  in  the  interior  and  exterior  of  the 
full-scale  Hush  House.  Two  reverberation  rooms  were  designed  for 
this  purpose  —  one  for  the  burner  and  one  for  the  exhaust.  (See- 
Sec.  3.)  Sc und  power  levels  measured  in  the  burner  room  corres¬ 
ponded  to  the  full-scale  sound  power  levels  that  would  be  emitted 
by  the  engine  exhaust  into  the  Hush  House  interior,  and  sound  power 
levels  measured  in  the  exhaust  room  corresponded  to  full-scale  jet 
exhaust  sound  power  that  would  radiate  from  the  downstream  end  of 
the  full-scale  augmenter.  Sound  power  levels  were  measured  in  the 
00  Hz  to  16  1<H 1/3-octave  bands,  which  correspond  approximately 
to  full-scale  1/3-octave  bands  from  31.  ^  to  1000  Hs.  Sound  power 
levels  estimated  for  the  1/3-octave  bands  adjacent  to  the  upper  and 
lower  ends  of  the  spectrum  (20,000  and  315  Hz,  respectively)  were 
also  analyzed  for  comparison. 

6.5.1  Measurement  of  sound  power  level 

The  sound  power  radiated  by  a  source  may  be  measured  in  a 
reverberation  chamber  in  two  ways:  (1)  by  the  absolute  method  and 
(2)  by  the  comparison  method.  Both  methods  require  measuring  the 
room-average  sound  pressure  level  (SPL)  in  the  reverberat ion  room 
with  the  noise  source  operating.  The  methods  differ,  however,  in 
the  conversion  of  SPL  to  sound  power  level  (PWL). 

In  the  absolute  method,  the  absorption  coefficient  is  measured 
(indirectly  by  measuring  room  reverberation  time)  and  the  FWL  is 
calculated  using  the  followinr  equation: 

PWL  =  SPL  +  10  lor  ~  -  13.5  dB  re  10'12  Watt  ,  (5. 5-1) 

1  e  o 
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PW1.  =  sound  power  level  in  dB  re  10  12  Watt 
Vol  =  room  volume  in  m3 


T  =  time  in  sec  for  SPL  in  a  room  to  decay  60  dB 
e  o 


O’ 

s.) 


PL 


room-average 
measured  in 
measurement  . 


sound  pressure  level  in  dB  re  0.000 2  ubar 
identical  room  conditions  as  for  the  T 

6  o 


Tn  the  comparison  method,  the  room-average  SPL,  measured  with 
the  unknown  source  operating,  is  compared  with  the  room-average 
SPL  measured  when  a  reference  sound  source  of  known  sound  power 
output  is  operating.  Then, 

PWL  =  PWL’  +  (SPL  -  STT/  )  dB  re  10“ 12  Watt  ,  (6.5.2 

where 

PWL’  =  sound  power  level  of  the  reference  source, 

SPL'  =  room-average  sound  pressure  level  produced  by  the 
reference  source,  and 

SPL  =  room-average  sound  pressure  level  produced  by  the 
unknown  source. 


For  our  measurements  in  the  reverberation  rooms  of  the  model 
Hush  House  project.,  we  used  the  absolute  method  to  measure  the 
PWL'  of  an  ILG  fan  and  then  measured  the  sound  power  of  the  jet  by 
the  comparison  method,  with  the  ILG  source  as  the  reference.  Tablt 

6.5.1  gives  reverberation  times,  T  ,  measured  during  calibration 

6  0 

of  the  ILG,  and  the  calculations  of  PWL  for  each  1/3-octave  hand 
for  each  of  the  reverberation  rooms. 
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TABLE  6.5.1.  CALIBRATION  OF  THE  REFERENCE  SOURCE  (I LG  FAN) 


Wt  chose  the  compari son  method  because,  once  the  reference 
source  was  calibrated,  PWL  calculations  could  be  made  significant ly 
faster.  In  addition,  determining  the  SPL' of  the  reference  source 
immediately  after  the  jet  was  shut  down  enabled  us  to  account  auto¬ 
matically  for  effects  of  the  changed  temperature  in  the  exhaust 
room  on  the  SPL  measured  during  the  jet  runs. 

For  each  of  the  139  jet  runs  in  the  test  program,  jet  sound 
power  'level  was  calculated  by  the  following  process: 

1.  Signals  from  microphones  in  each  room  were  tape-recorded 
first  with  the  jet  running  and  then  with  the  I LG  running. 

2.  The  tape-recorded  signals  were  played  back  and  analyzed 
to  find  jet  SPL  and  SPL'  in  each  room. 

3.  SPL '  was  subtracted  from  ILG  PWL'  yielding  a  difference 
(AdB)  for  each  1/3-octave  band  from  315  to  20,000  Hz  for  each 
room . 

4.  AdB  was  added  to  jet  SPL,  yielding  jet  PWL  in  each  1/3- 
octave  band  in  each  room. 

The-  ILG  was  not  operated  in  the  burner  room  after  each  run; 
when  it  was  not,  SPL'  in  the  burner  room  was  used  from  another  run 
with  similar  temperature  and  humidity. 

6.5.2  Reverberation  room  checkout 

A  second  reason  for  measuring  reverberation  times  in  the  two 
rooms  was  to  ensure  that  they  actually  were  reverberation  chambers 
-  i.e.,  that  the  reverberation  times  were  sufficiently  long.  The 
data  in  Table  6.5-1  show  that  reverberation  times  in  both  rooms 
were  adequate  and  indicate  that  the  sound  fields  were  sufficiently 
reverberant  to  allow  accurate  calculation  of  sound  power  level. 


An  est, imate  of  the  accuracy  of  measurement  of  the  roora- 
average  sound  pressure  level  was  obtained  using  the  same  microphone 
traverse  and  electronic  instrumentation  as  was  used  during  the  jet 
runs  (excluding  the  tape  recorder).  This  procedure  is  outlined  in 
Ref.  A-?,  which  specifies  procedures  for  "qualifying"  a  reverbera¬ 
tion  room  for  the  measurement  of  broadband  sound.  (A  jet  exhaust 
generates  broadband  sound.)  Room-average  SPL  was  measured  using 
the  traversing  microphone,  with  the  ILG  source  placed  at  eight  dif¬ 
ferent  locations,  resulting  in  eight  values  of  SPL  in  each  1/3- 
octave  band.  The  standard  deviation  of  the  eight  values  of  SPL 
(Table  6.R.2)  gives  an  indication  of  the  accuracy  of  a  single  mea¬ 
surement  of  SPL  of  a  distributed  broadband  sound  source. 

6.5.3  Assessment  of  flanking  noise  sources 

In  addition  to  the  noise  sources  we  wauled  to  measure  in  each 
room,  there  were  several  potential  cent  ami  not  i  n--'  sources  from  which 
unwanted  noise  could  have  entered  each  root:  by  flank! nr  paths  and 
could  have  contributed  to  the  total  sound  power  measured •  Precau¬ 
tions  were  taken  to  assure  that  noise  from  these  flat. kino  sources 
did  not  Interfere  with  our  measurements.  Figure  t  . I; .  i  shows  schema) 
ical ly  the  flanking  noise  sources  and  paths  in  each  room .  Ws  in  1  hi 
figure  indicate  acoustic  power  emitted  by  noise  sources ,  and  SFI.  an 
SPI,2  represent  the  room-average  sound  pressure  levels  in  the  two  roc 

Sources  and  flanking  paths  in  the  !  room  in  Fig.  t.5-1 

are : 

1.  Wj  is  the  power  from  the  source  we  desire  to  measure  -- 
i.e.,  the  power  radiated  from  the  jet  near  the  nor.:: le  plus  the 
power  radiated  from  the  upstream  end  of  t  lie  augment  or.  Thus, 
it  would  be  desirable  that  only  contribute  to  PPL  . 
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TABLE  6.5.2.  ACCURACY  OF  MEASUREMENT  OF  BROADBAND  SOUND 


1/3-Octave  Standard  Deviation  of 

Band  Center  8  Values  of  SPL 

Frequency,  Using  ILG  Source, 

Hz  dB 

Burner  Exhaust 

Room  Room 


LOO 

1.03 

1.23 

500 

1-53 

.91 

630 

.55 

.  L5 

800 

.Lit 

.29 

1000 

.31 

.LL 

1250 

.25 

CO 

1600 

.LO 

.35 

2000 

.39 

.35 

2500 

.L2 

.30 

3150 

.31 

.33 

LOOO 

•  L? 

.29 

5000 

.L5 

.30 

6300 

.59 

.23 

8000 

.  L2 

.  L6 

10000 

.55 

.32 

12500 

.78 

.30 

16000 

L  '6T 

.35 
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W  j  p  represents  the  acoustic  power  generated  by  the  burner 
fuel  and  air  supply  hoses  and  manifolds.  VJ  j  ,t,  was  measured  durinr 
the  jet  survey  series  when  the  jet  nozzle  was  completely  in  the 
exhaust  room.  W  was  compared  with  the  measured  power  in  the 
burner  room  during  later  series  of  runs  and  was  never  found  to 
affect  burner-room  noise  levels. 

3.  is  the  power  generated  by  flow  through  the  secondary- 

air  flow  meter.  This  was  not  measured,  but  calculations  of  noise 
re no rat ed  by  the  flow  of  air  through  the  meter,  the  speed  of  which 
was  accurately  measured,  showed  that  this  source  generated  noise 
levels  very  much  lower  than  the  levels  measured  in  the  burner 
room . 

if .  W^p,  the  acoustic  power  propagating  through  the  dividing 
wall  from  the  exhaust  room  into  the  burner  room,  was  calculated 
by  subtraction  of  a  correction,  NR  x  in  dP ,  from  the  measured 
noise  level  In  the  exhaust  room.  NR21  was  measured,  in  each 
1/3-octave  band,  by  placing  a  hiph-power  loudspeaker  in  the 
exhaust  room  and  measuring  SPL2  in  the  exhaust  room  and  SPL 
in  the  burner  room  (usinr.  the  same  microphone  traverse  as  fo1- 
the  jet  runs);  then  NR21  =  SPL2  -  SPL ,  in  each  band.  Wp^p  was 
never  found  to  affect  Wl . 

5.  W 3 1 p >  the  power  generated  by  external  noise  sources, 
is  the  cause  of  "backf round "  noise  in  the  burner  room.  Background 
noise  in  the  burner  room  was  measured  at  frequent  intervals 
(after  approximately  every  fourth  jet  run  and  after  approximately 
every  second  ILL,  run).  Neither  jet  noise  nor  ILL  noise  was 
affected  by  W ^ ^ p . 

Sources  and  flankinp  paths  in  the  exhaust  room  in  Fit*.  6 .  r> .  1 


are : 


1.  W, ,  the  acoustic  power  emitted  from  the  downstream  end 
of  the  aur, mentor,  is  the  sum  of  the  jet  sound  power  which  has 
been  attenuated  by  aeroacoust,  i  e  effects  and  by  the  aur.menter 
lininr.  It  was  necessary  t.o  verify  that  only  W  contributed  to 
tfie  measured  HFH?  in  t.he  exhaust,  room. 

VJ  ,K  is  t.he  acoustic  power  transmitted  through  the  walls 
of  the  aurmenter .  While  W.,,n  will  be  a  real  source  in  a  full- 
scale  Hush  House,  no  attempt  was  made  to  scale  model  the  augment er 
tube  wall  structure  acoustically,  and  since  the  p;oal  was  to 
measure  only  W2 ,  it  was  desired  to  suppress  Wp„.  Calculations 
were  made  which  showed  that  W.,^  would  be  a  possible  contaminant 
only  durinr  jet  runs  in  which  acoustic  absorbing  material  was 
placed  near  the  downstream  end  of  the  au/tmenter  -  for  example, 
durin.r  the  tests  of  the  stack  with  baffles  and  with  the  12-in. 
lined  auptmenter  section  at  the  downstream  end  of  the  augmenter. 

For  these  tests,  the  exterior  of  the  aupnenter  shell  was  wrapped 
with  acoustical  insulation  consistin’  of  approximately  3-in. -thick 
rlass  fiber  material  covered  with  lead-aluminum  sheet  weifhinr 
approximately  1  lb/ft.2.  As  a  precaution,  this  same  wrapping  was 
applied  to  the  outside  shell  of  the  aurnenter  for  all  tests  of 
the  lined  obround  aupmenter. 

3.  W^0p  is  the  acoustic  power  transmitted  throurh  the  wall 
dividinp  the  burner  room  and  the  exhaust  room.  This  source  was 
a  potential  problem  durinr  runs  with  a  fully  lined  obround  aur- 
menter,  when  W2  was  significantly  less  than  W.  .  W.  was  cal- 
culated  by  subtracting  a  correction,  NR'12  from  the  measured 
SPL  .  NR'12  =  ^Ri2  +  ^NR,  where  NR  was  measured  by  placing 

a  loudspeaker  in  the  burner  room  and  ANR  is  an  estimate  cor¬ 
rection  term,  for  hi fh  frequencies,  which  accounted  for  the 
fact  that,  noise  reduction  between  the  two  rooms  was  greater  with 


flow  (i.e.,  with  the  .let  running)  than  without  flow  because  of 
the  refraction  of  sound  rays  into  the  acoustic  lining  of  the 
nugmenter.  (Of  course,  NR  was  measured  with  the  jet  off.) 
thus,  the  W^0p  caused  an  SPI.^p  in  the  exhaust  room  riven  by 

STl]:,p  =  SPLj  -  nr'12  . 

In  all  cases,  SPL^p  was  sufficiently  less  than  SPL2  .  Accordingly , 
it  was  verified  that  did  not  contribute  to  SPL2 . 

^ .  "3pp  is  the  acoustic  power  generated  in  the  exhaust  room 
by  external  noise  sources.  As  was  the  case  in  the  burner  room, 
background  noise  levels  were  frequently  measured.  A  form  of 

electrical  noise  in  the  tape  record-playback  system,  was 
the  only  background  noise  found  to  be  a  problem.  This  noise  was 
encountered  only  during  jet  runs  with  a  fully  lined  augmenter 
and  was  caused  by  the  fact  that  the  dynamic  range  of  the  acoustic 
spectrum  in  the  exhaust  room  exceeded  the  available  dynamic  ranre 
of  the  tape  record-playback  system.  The  reason  for  the  large 
dynamic  range  of  the  noise  in  the  exhaust  room  was  that  the 
attenuation  of  the  lined  augmenter  was  significantly  higher  at 
high  that  at  low  frequencies;  thus,  the  jet  noise  in  the  exhaust 
room  had  much  higher  SPLs  at  low  frequencies  that  at  high  fre¬ 
quencies.  The  problem  was  solved  by  artificially  reducing  the 
dynamic  range  of  the  electrical  signal  into  the  tape  recorder  to 
an  amount  that  the  record-playback  system  could  tolerate  without 
adding  noise  of  its  own.  This  was  accomplished  by  passing  the 
input  signal  to  the  recorder  through  a  high-pass  electrical 
filter  (i.e.,  attenuating  the  low  frequencies  while  leaving  the 
high  frequencies  unaffected).  During  playback  and  analysis, 
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this  attenuation  was  added  back  in,  usinp  the  individually 
variable  y:ains  on  the  1/3-octave  filters  in  the  GR  Model  1925 
Filter  Set  (a  component  of  the  GR  1921  Real-Time  Analyzer)  to 
achieve  an  overall  flat  frequency  response  in  the  record-playback- 
analysis  system.  In  this  way,  electrical  noise  was  decreased, 
and  no  background  noise  affected  SPL  . 
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7.0  PRESENTATION  OF  RESULTS 


Reduced  test  data  from  the  model  test  program  are  presented  and  discussed 
in  this  section  of  the  report.  To  facilitate  an  orderly,  digestible  presentation, 
not  all  of  the  test  data  are  presented  here.  For  a  complete  tabulation  of  all 
test  data,  refer  to  the  Data  Appendix. 

7 . 1  Augmenter  Pumping  Performance 

Accurate  measurement  of  augmenter  pumping  performance  was  one  of  the 
principal  goals  of  this  test  program.  Adequate  augmenter  pumping  is  essential 
in  a  full  scale,  dry  cooled  installation  to  lower  the  exhaust  temperature  and, 
thereby,  protect  the  exhaust  acoustic  treatment.  To  maintain  a  mixed  exhaust 
temperature  of  800°F  (1260°R)  while  running  with  an  afterburning  engine  on  a 
100°F  (560°R)  day  requires  that  the  jet  exhaust  pump  a  cooling  air  flow  rate 
equal  to  5 .30  times  the  jet  exhaust  flow  rate.  A  number  of  references  contain 
ejector  pumping  information  which  might  be  used  to  predict  pumping  performance 
for  a  dry  cooled  augmenter.  References  A/T-4,  5  and  6  contain  pumping  infor¬ 
mation  covering  a  variety  of  configurations  and  test  conditions  .  They  have  the 
disadvantage  of  being  limited  to  fairly  high  augmenter  pressure  rise,  relatively 
low  pumping  ratio  and  low  augmenter  cross-section  to  nozzle  throat  area  ratio 
cases  .  Reference  A/T-7  contains  data  relating  directly  to  the  case  of  interest, 
but  the  Jet  nozzle  total  temperature  equals  ambient  temperature  for  all  of  the  tests 
and  very  little  information  relating  pumping  performance  to  augmenter  pressure 
rise  is  present.  Nevertheless,  the  data  in  these  references  indicates  that  mass 
flow  ratios  of  six  or  over  are  feasible  for  a  properly  sized  augmenter. 


To  facilitate  correlation  of  augmenter  pumping  data,  the  test  data  from 
this  program  have  been  reduced  to  an  augmentation  ratio  parameter,  ARP,  defined 
as  follows: 


pumped 

"wT7  ~ 
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This  definition  ratios  the  equivalent  pumped  and  primary  flow  momentum  fluxes. 

It  has  the  advantage  of  being  primarily  configuration  oriented,  having  only  a 
weak  sensitivity  to  the  temperature  ratio,  T^/Ta  ^  .  The  augmentation  ratio 
parameter  corresponding  to  the  mass  flow  ratio  of  5.30  ,  mentioned  above  as 
necessary  to  give  Tmix  =  800°F  on  a  100°F  day  with  afterburning,  would  be 
AFP  -  1.83  . 

Figure  7.1-1  contains  a  summary  of  augmenter  pumping  performance 
wherein  the  augmentation  ratio  parameter,  ARP,  is  plotted  versus  jet  nozzle  to 
ambient  temperature  ratio,  T^/Tamk,  for  a  number  of  selected  test  configura¬ 
tions  at  an  augmenter  length  diameter  ratio  of  nominally  6.0  .  Pumping  perfor¬ 
mance  for  each  test  configuration  is  included  in  the  test  program  summary.  Table 
3.0  -1  .  Considering  the  afterburning  case  on  a  100°F  day  (  TT^/Tam^  =  6.6) 
one  observes  in  Figure  7.1-1  thatan  ARPof  1 .83  is  obtainable,  even  without  a 
subsonic  diffuser,  if  the  augmenter  cross-section  to  jet  nozzle  throat  area  ratio, 
^A^NT'*S  ma<^e  lar9e  enough  .  It  is  also 

apparent  that  a  subsonic  diffuser  on  the  downstream  end  of  the  augmenter  in¬ 
creases  pumping,  whereas  changing  from  a  round  to  an  AR  =  1  .7  obround  cross- 
section  reduces  pumping.  Pumping  performance  does  not  appear  to  be  sensi¬ 
tive  to  jet  nozzle  pressure  ratio,  . 

The  consistent  drop  in  augmentation  ratio  parameter  with  increasing  jet 

T 

nozzle  to  ambient  temperature  ratio,  T../T  ,  shown  in  rigure  7.1-1,  is  of 

in  3  mb 

particular  interest.  While  it  is  a  secondary  effect,  it  is  nevertheless,  larger 
than  might  have  been  expected  on  the  basis  of  typical  ejector  performance  data 
and  is  probably  related  to  the  low  loss,  high  augmentation  ratio  situation  which 
is  characteristic  of  dry  cooled  augmenter  Installations  .  At  high  jet  nozzle  to 
ambient  temperature  ratios,  there  is  a  significant  exchange  of  heat  from  the  jet 
flow  to  the  pumped  flow  in  the  mixing  region.  This  increases  the  volume  flow 
of  the  pumped  flow  and  requires  that  it  accelerate,  producing  an  additional 
pressure  drop,  which  must  be  overcome  by  the  jot  momentum,  and  a  resulting 
drop  in  pumping  performance.  When  the  ejector  situation  corresponds  to  a 
lower  augmentation  ratio  and  a  higher  pumped  flow  pressure  rise  (higher  loss), 
this  additional  pressure  drop  due  to  heat  exchange  is  smaller  relative  to  the 
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overall  pressure  rise  required  and  the  drop  in  pumping  performance  is  corres¬ 
pondingly  less.  Note  that,  although  the  augmentation  ratio  parameter  decreases 
with  increasing  Jet  temperature  to  pumped  flow  temperature  ratio,  the  augmenta¬ 
tion  ratio  actually  increases  . 

Augmenter  length  -  diameter  ratio  is  one  of  the  geometric  variables  in¬ 
fluencing  pumping  performance.  Figures  7.1-2  (for  cases  without  subsonic 
diffuser)  and  7.1-3  (for  cases  with  subsonic  diffuser)  present  the  pumping 
performance  as  a  function  of  augmenter  length-diameter  ratio,  L^/D^,  over 
the  range  tested.  Both  figures  show  little  change  in  pumping  performance 
above  L./D.  =  6,  but  some  decrease  in  performance  as  L.  /D.  is  reduced 

n  rp  rri  **  ** 

below  6.  Although  the  aTjj/T  ^  =  1.0  (u^  =  500°R)  test  results  show 
better  pumping  performance  than  at  higher  ,  they  also  exhibit  a  greater 
decrease  in  pumping  as  augmenter  length-diameter  ratio  is  reduced  This 
probably  arises  because  mixing  progresses  more  rapidly  with  the  higher  gas 
viscosity  associated  with  high  Jet  temperature  and  so  is  closer  to  completion 
at  any  given  distance  from  the  nozzle  exit.  At  =  6.6,  the  variation 

in  pumping  performance  is  no  greater  than  10%  over  the  range  of  La/Da  values 
tested . 

A  comparison  of  the  data  in  Figure  7.1-3  for  an  augmenter  having  an  exit 

subsonic  diffuser  with  the  data  taken  without  diffuser  (Figure  7  .1-2)  shows  an 

T 

increase  of  roughly  50%  in  ARP  due  to  the  diffuser  at  T.../T  ,=6.6.  A  sub- 

N  amb 

sonic  diffuser  area  ratio  of  2  .0  gave  about  7%  better  pumping  performance  than 
one  with  Ad/Aa  =1.5. 

During  the  tests  with  both  the  12 .25"  round  and  the  15  .5"  x  9"  obround 
augmenters,  the  Jet  nozzle  exit  was  moved  axially  relative  to  the  augmenter 
entrance  from  a  point  contiguous  with  the  augmenter  entrance  to  a  point  18" 

(7.2  nozzle  diameters)  upstream  of  the  entrance  (Figure  7.1-4)  .  No  appreciable 
variation  in  pumping  performance  was  experienced  because  the  augmenter  entrance 
area  is  24  times  larger  than  the  Jet  nozzle  throat  area  and  Jet  capture  is  no  problem 
within  the  range  tested  .  The  bulk  of  the  test  program  was  run  with 

Xjj/Djjt  =1.6.  Moving  the  nozzle  away  from  the  augmenter  entrance  did  have 
an  appreciable  influence  on  burner  enclosure  (Hush  House  interior)  noise  as  is 
reported  in  Section  7.6  . 
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FIGURE  7.1-4.  AUGM ENTER  PUMPING  PERFORMANCE  VS. 

NOZZLE  EXIT  TO  AUGMENTER  ENTRANCE 
PARAMETER. 

1VV-25'LA/0aS6'V2I 


in 
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The  augmenter  entrance  geometry  was  also  varied  with  the  12.25"  diameter 
round  augmenter.  Most  runs  were  made  with  the  standard,  conical,  augmenter 
entrance  configuration,  but  runs  were  also  made  with  a  rounded  entrance,  a  sharp 
edged  entrance  and  with  the  conical  entrance  plus  an  inlet  throttle  (see  Figure 
4.2-1).  These  changes  had  relatively  small  influence  on  pumping  performance, 
as  shown  by  the  tabulation  below: 


Inlet  Configuration  ARP  @  TTm/T  ,  =1  ARP  @  TT.,/T  .  =6.6 

N  a  mb  N  a  mb 


conical 

3  .30 

rounded 

3.43 

sharp-edged 

3.02 

conical  plus  throttle 

3  .05 

2  .51 
2.50 
2.34 
2.41 


T 

The  inlet  throttle  was  also  applied  to  the  obround  augmenter  and  at  T^/T  b  =  6  •  6 
resulted  in  a  drop  in  pumping  performance  of  ARP  =-0.15.  The  inlet  throttle  was 
tested  because  it  was  felt  that,  for  many  full-scale  designs,  an  augmenter  properly 
sized  from  jet  impingement  and  noise  standpoints  might  pump  more  than  the  re¬ 
quired  amount  of  cooling  air  unless  throttled. 


During  the  aero-thermal  testing  with  the  15.5"  x  9"  obround  augmenter, 
the  jet  centerline  was  moved  laterally  and  vertically  and  also  deflected  relative 
to  the  augmenter  centerline.  The  Jet  nozzle  orientations  and  the  obround  cross- 
section  both  had  a  significant  effect  on  pumping  performance,  as  is  shown  in 
Figure  7.1-5.  Changing  from  a  round  to  an  aspect  ratio  1.7  obround  cross- 
section  resulted  in  a  10%  decrease  in  pumping  ratio  parameter  at  TN/Tamj_)  =  4 . 6, 

Aa^Ajjt  =  ^  *  Perhaps  as  much  as  half  of  this  decrease  is  due  to  the  porous, 
sound-absorbing  liner  which  limits  the  rate  of  pressure  rise.  As  the  jot  center- 
line  was  moved  off  the  centerline  of  the  augmenter  or  deflected  a  r -sanction  in 
pumping  performance  occurred.  The  data  point  at  YD  =0  -45  and  ac  =  1° 
corresponds  to  the  F-14A  configuration.  Most  of  the  data  shown  in  Figure  7.1-5 
were  run  with  no  augmenter  exit  ramp.  One  point  from  the  acoustic  testing  is 
Included  to  show  the  influence  of  the  ramp  on  pumping  performance. 
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FIGURE  7.1-5.  O3R0UN0  AUGMENTER  PUMPING  PERFORMANCE 
V.'ITH  DIFFERENT  NOZZLE  POSITIONS  AND 
INCLINATIONS 

(Aa/aNT=25,xn/Dnt=1.  c,La/Da^g,tt  /Tgn,5=A.  b, 

w 

A. ,=2 . 0 ) 
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Figure  7  .1-6  shows  the  variation  in  pumping  performance  with  jet  nozzle 
pressure  ratio,  X^  .  The  apparent  drop  in  performance  with  X^  occurs 
because  no  attempt  was  made  to  keep  the  inlet  loss  constant  for  this  series 
of  runs  and  ,  as  a  result,  the  inlet  loss  and  corresponding  augmenter  pressure 
rise  is  higher  at  X^  =3  than  at  2  or  1.2.  The  low  pressure  ratio,  X^  =  1.2, 
point  was  run  specifically  to  make  sure  adequate  pumping  occurred  at  low  jet 
nozzle  pressure  ratios  so  as  to  prevent  recirculation  of  exhaust  gases  within 
the  Hush  House.  The  data  point  does  indicate  adequate  pumping  for  this 
near-idling  condition. 


Up  to  this  point,  augmenter  pressure  rise  or  pressure  ratio  has  not  been 
presented  as  a  variable  influencing  pumping  performance.  The  bulk  of  the  test 
points  presented  in  Figures  7.1-1  through  7.1-6  correspond  to  a  nominal  augmenter 
pressure  ratio,  ^Tsec,/^Tex^t  of  0.995  (2“  HgO  loss  in  total  pressure  through  the 
Hush  House  inlet) .  Specific  tests  were  run  to  define  the  influence  of  augmenter 
pressure  ratios  on  pumping  performance.  These  runs  were  accomplished  by 
adding  subsonic  diffuser  lengths  onto  the  secondary  air  metering  nozzle,  thereby 
reducing  the  loss  between  outside  barometric  pressure  and  the  burner  enclosure 
(Hush  House)  interior.  The  results  of  these  tests  are  presented  in  Figure  7.1-7. 
These  data  show  an  essentially  linear  variation  in  augmentation  ratio  parameter 
with  T  /rT  .  ,  a  slope  which  is  not  a  strong  function  of  configuration  or 

ip  S  cC  6X1 « 

iTjvj/Tam^  and  no  significant  effect  of  jet  nozzle  pressure  ratio,  X^  . 


7  .2  Augmenter  Longitudinal  Pressure  Distribution 


Augmenter  longitudinal  wall  pressure  data  are  of  diagnostic  value  in  under¬ 
standing  the  mixing  progress  in  the  augmenter,  as  well  as  the  influence  cf  loss 
elements  placed  in  the  flow  path.  Selected  examples  of  these  data  are  presented 
in  this  subsection. 


Figure  7.2-1  contains  longitudinal  pressure  distributions  taken  during  the 
aero-acoustic  testing  for  the  three  different  round  .augmenter  sines  at  two  different 
Jet  nozzle  total  temperatures  without  subsonic  diffuser.  A  comparison  between 
the  data  for  the  different  augmenter  sines  indicates  a  lowrr  entrance  pressure  or. 
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i.e.,  a  higher  augmenter  entrance  velocity  (higher  specific  flow  in  pps  per 
square  foot)  for  the  smaller  diameter  augmenter  especially  at  the  low  jet  nozzle 
temperature  .  The  data  for  the  two  jet  nozzle  temperatures  or  temperature  ratios 
demonstrates  the  influence  of  heat  exchange  between  a  hot  jet  flow  and  a  cold 
pumped  flow  wherein  the  pressure  drop  associated  with  heat  exchange  and 
acceleration  of  the  secondary  flow  reduces  the  overall  pressure  rise  experienced 
with  a  given  jet  momentum. 

Figure  7.2-2  also  contains  data  for  the  three  sizes  of  round  augmenters, 
this  time  for  different  augmenters  length-diameter  ratios,  L^/D^,  The  data 
show  that  the  pressure  rise  along  the  augmenter  is  somewhat  reduced  for  the 
shorter  overall  length  diameter  ratios.  This  corresponds  to  a  lack  of  adequate 
mixing  between  the  jet  flow  and  pumped  flow  and  a  reduced  pumping  performance. 

Longitudinal  augmenter  wall  pressures  from  the  12.25"  diameter  round 
augmenter  tests  with  different  nozzle  exit  to  augmenter  entrance  spacings  are 
presented  in  Figure  7.2-3.  These  data  suggest  that  the  completeness  of  mixing 
in  the  augmenter  is  a  function  of  the  distance  between  this  jet  nozzle  exit  and 
the  augmenter  exit,  rather  than  just  the  augmenter  length-diameter  ratio. 

The  influence  of  augmenter  entrance  geometry  on  augmenter  pressure 
distribution  is  shown  in  Figure  7  .2-4.  There  is  little  difference  between  the 
distributions  for  the  conical  and  rounded  entrances,  but  the  sharp-edged  and 
throttled  entrances  both  show  increased  local  velocities  (lower  wall  pressures) 
associated  with  the  local  flow  restriction  at  the  entrance  (which  reduced  the 
pumping  performance)  . 

Pressure  distributions  for  the  12  .25"  diameter  round  augmenter  with  and 
without  a  subsonic  diffuser  are  shown  in  Figure  7  .2-5.  Here,  lower  static 
pressures  appear  with  the  higher  flow  ratio  (higher  entrance  Mach  numbers) 
associated  with  application  of  the  subsonic  diffuser.  The  static  pressure 
rise  in  the  two  subsonic  diffuser  lengths  are  also  shown.  The  static  pressure 
drop  associated  with  the  exchange  of  heat  between  the  jot  flow  and  secondary 
flow  is  especially  well  illustrated  by  the  two  cases  with  subsonic  diffusers  . 
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FIGURE  7.2-2.  LONGITUDINAL  PRESSURE  DISTRIBUTION  FOR  THREE 
SIZES  OF  ROUND  AUGMENTER  HAVING  NO  SU3S0NIC 
DIFFUSER  WITH  VARYING  AUGMENTER  LENGTH-DIAMETER 

mt~  l  ^ /T._k=6 . 6,  A.;=2. 0 ) 


FIGURE  7.2-4. 
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Since  pumping  performance  expressed  as  ARP  doesn't  vary  with  jet 
nozzle  pressure  ratio,  the  secondary  mass  flow  will  vary  in  proportion  to 
primary  mass  flow  or,  i.e.,  with  jet  nozzle  total  pressure  to  ambient  pressure 
ratio,  other  things  remaining  constant .  One  would,  consequently,  expect  a 
higher  inlet  Mach  number  and  the  lower  augmenter  wall  pressures  shown  in 
|  Figure  7  .2-6  for  the  =  3.0  case. 

The  12.25"  diameter  round  augmenter  and  the  15.5"  x  9"  obround  aug¬ 
menter  have  the  same  cross-sectional  area.  Consequently,  their  longitudinal 
pressure  distributions  are  compared  in  Figure  7.2-7  at  different  jet  nozzle  total 
temperatures.  The  data  illustrate  the  lower  inlet  Mach  number  which  corres¬ 
ponds  to  the  lower  pumping  performance  with  the  obround  augmenter. 

Figure  7.2-8  shows  the  effects  of  nozzle  offset  and  deflection  during 
the  aero-thermal  tests  on  longitudinal  pressure  distribution.  Here,  reduced 
pumpingperformance  reveals  itself  in  a  lower  inlet  Mach  number  (higher  entrance 
pressure)  and  reduced  augmenter  pressure  rise,  with  the  centered,  undeflected 
jet  position  providing  maximum  performance  and  the  offset  jet  with  3°  lateral 
deflection  providing  the  lowest  performance . 

Adding  the  exit  ramp  to  the  obround  augmenter  for  the  acoustic  tests 
back-pressured  the  augmenter  slightly,  as  shown  in  Figure  7.2-9.  This  re¬ 
sulted  in  a  small  decrease  in  a  pumping  performance  illustrated  in  Figure  7  .1-5  . 

Figure  7 .2-10  shows  the  influence  of  jet  nozzle  exit  to  augmenter  entrance 
spacing  on  the  obround  augmenter  pressure  distribution  just  as  Figure  7  .2-3 
showed  the  effect  with  the  12  .25"  diameter  round  augmenter.  Again,  it  appears 
that  the  completeness  of  mixing  at  the  augmenter  exit  is  largely  a  function  of 
the  distance  between  the  nozzle  exit  and  augmenter  exit  expressed  in  nozzle 
throat  diameters,  i.e.,  as  X/Dnt  • 

The  effects  of  jet  nozzle  pressure  ratio,  ^  ,  on  augmenter  longitudinal 
pressure  distribution  appear  in  Figure  7.2-11  for  the  obround  augmenter.  Data 
for  the  12  .25"  diameter  round  augmenter  were  presented  in  Figure  7  .2-6.  Both 
figures  show  the  lower  augmenter  entrance  pressures  and  higher  pressure  rises 
corresponding  to  increased  pumped  flow  at  higher  pressure  ratios  . 
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Augmenter  longitudinal  pressure  distribution  for  different  obround 
augmenter  length-diameter  ratios  are  presented  in  Figure  7.2-12  (see  Figure 

7 .2- 2  for  corresponding  round  augmenter  data) .  Both  figures  indicate  that 
the  lower  pumping  performance  with  a  shorter  than  optimum  augmenter  length 
reveals  itself  in  a  lower  augmenter  pressure  rise  between  inlet  and  exit. 

The  final  longitudinal  pressure  distribution  plot  presents  data  from  the 
tests  with  the  stack  and  baffles  configuration  (Figure  7  .2-13)  .  The  principal 
feature  of  this  plot  is  the  increase  in  augmenter  back-pressure  with  jet  nozzle 
total  temperature.  The  higher  exhaust  volume  flow  associated  with  the  higher 
jet  temperature  results  in  greatly  increased  pressure  drop  through  the  baffles  . 
This,  in  turn,  resulted  in  a  significant  drop  in  pumping  performance  with  jet 
nozzle  to  ambient  temperature  ratio,  Tjj/T  jy  as  shown  in  Figure  7.1-1. 
The  effect  was  aggravated  by  wrinkling  of  the  feltmetal  baffle  skin  from  high 
Jet  temperature  operation.  Another  phenomenon  which  shows  up  in  the  Figure 

7.2- 13  is  the  difference  in  the  between-the-baffles  pressure  from  one  side 
of  the  stack  to  the  other.  This  occurred  because  of  the  persistence  of  the 
exhaust  jet  which  still  hadn't  mixed  completely  at  the  stack  entrance.  Here, 
again,  high  jet  temperature  and  a  persistent  hot  core  increased  this  effect. 

7  .3  Total  Pressure  and  Total  Temperature  Surveys 

Total  pressure  and  total  temperature  surveys  were  made  during  the  jet 
survey  to  study  the  Jet  mixing  progress  of  the  free  jet  and  also  inside  of  the 
12.25"  diameter  round  and  the  15  .5"  x  9"  obround  augmenters  to  study  jet 
mixing  progress  inside  of  an  augmenter.  In  addition,  a  total  pressure  survey 
rake  was  installed  on  the  augmenter  exit  ramp  for  some  tests  to  study  the 
mixing  progress  in  the  flow  leaving  the  ramp  and  lateral  total  temperature 
distribution  information  was  obtained  at  the  exit  of  the  stack  in  the  stack- 
and-baffles  configuration.  During  tests  with  the  sound  absorbing  augmenter 
liner,  it  was  necessary  to  test  a  configuration,  with,  the  rakes  to  get  the  survey 
data  and  then  test  without  the  rakes  to  obtain  noise  data  which  was  free  of 
rake  noise.  These  total  pressure  and  total  temperature  surveys  provide  a 
wealth  of  data  which  has  been  valuable  in  interpreting  both  the  wall  heating 
effects  and  the  noise  data . 
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7.3.1  Tet  Survey 

The  jet  survey  was  run  with  the  jet  nozzle  exit  located  in  the 
exhaust  enclosure  and  with  no  jet  confinement  (free  Jet)  .  Two  identical  total 
pres  sure -total  temperature  rakes  were  set  up  on  the  jet  axis;  one  4  ft.  7  in. 
from  the  jet  nozzle  exit  (upstream),  the  other  6  ft.  7  in.  from  the  nozzle  exit 
(downstream).  These  distances  were  chosen  because  they  correspond  almost 
exactly  to  the  distance  between  the  jet  nozzle  exit  and  the  augmenter  cross- 
section  rakes  during  tests  with  both  the  12  .25"  diameter  round  augmenter  and 
the  obround  augmenter.  The  jet  survey  data  were  taken  at  jet  nozzle  pressure 
ratios  of  ^  =  2  .0  and  3.0,  and  at  nominal  jet  nozzle  total  temperatures  of 
500°R  (ambient),  2300°R  and  3300°R,  which  correspond  to  ^T^/T  ^  =1>0, 

4.6  and  6.6.  Figure  7.3-1  contains  ail  of  the  rake  data  taken  at  a  pressure 
ratio  of  2.0,  while  the  nozzle  pressure  ratio  3  .0  data  appear  in  Figure  7  .3-2  . 

In  each  case,  there  was  an  almost  exact  correllation  between  the  pressure  and 
temperature  parameters  . 

Considering  the  pressure  ratio  2.0  data  in  Figure  7.3-1  first, 
one  observes  the  reduction  in  peak  total  temperature  and  pressure  between  the 
upstream  and  downstream  rakes  for  each  temperature  condition  corresponding 
to  more  complete  mixing  and  lower  core  velocity  at  the  downstream  location. 
Also,  one  will  note  that  the  higher  the  relative  jet  nozzle  temperature,  the 
more  complete  the  mixing  at  each  station  implying  that  mixing  progresses 
faster  with  higher  jet  temperature.  The  pressure  ratio  3  .0  data  in  Figure 
7.3-2  show  some  of  these  same  trends  with  one  notable  difference:  namely, 
that  the  data  for  Tjg/T  ^  =1.0  display  a  lower,  total  pressure  than  where 
the  jet  is  hot,  reversing  the  trend  measured  at  =  2.0  .  This  appeared  to 

be  related  to  the  formation  of  normal  shock  waves  in  the  jet  near  the  nozzle  exit 
and  was  accompanied  by  the  generation  of  discrete  frequency  noise.  These 
shocks  and  the  discrete  frequency  noise  were  not  present  at  the  higher  Jet 
nozzle  total  temperatures.  Otherwise,  the  pressure  ratio  3.0  data  exhibit 
higher  core  pressures  than  at  pressure  ratio  2  .0  both  because  of  the  higher 
nozzle  total  pressure  and  because  of  the  tendency  of  the  potential  flow  jet 
core  to  persist  longer  when  it  is  supersonically  expanded  . 
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One  feature  of  both  the  pressure  ratio  2  .0  and  3  .0  data  is  the 
apparent  depression  of  the  core  center  below  the  geometric  jet  centerline  with 
hot  flow.  A  close  examination  of  Figures  7.3-1  and  2  reveals  a  greater  depres¬ 
sion  at  T1\t/T=  ,  =6.6  (3300° R)  than  at  4.6  (2300° R),  a  greater  depression 
at  ^  =2  .0  than  at  3  .0  and  a  greater  depression  at  the  downstream  rake 
location,  indicating  that  the  phenomenon  must  be  an  effective  downward  deflec¬ 
tion  of  the  jet  at  high  Jet  nozzle  total  temperatures  .  What  is  apparently  happen¬ 
ing  is  that,  within  the  burner  mixing  section,  convection  occurs  at  high  jet 
nozzle  total  temperatures  which  results  in  a  hot,  high  total  pressure  core  running 
along  the  top  of  the  burner  mixing  section,  while  the  colder,  low  total  pressure 
gas  near  the  walls  drifts  to  the  bottom  of  the  mixing  section.  When  this  flow 
exits  through  the  jet  nozzle,  it  effectively  deflects  the  jet  centerline  downward  . 
This  angular  deflection,  ave^  is  presently  in  Figure  7.3-3  as  calculated  from 
the  rake  data  for  each  of  the  pressure  ratio,  temperature  ratio  cases  .  This  is 
not  expected  to  be  a  feature  of  actual  engine  and  afterburner  operation. 


The  jet  survey  rake  data  were  also  reduced  to  give  maximum 
mixed  core  velocity  and  these  values  ratioed  to  the  ideal  expanded  Jet  velocity 


V. 


V 


jet 


giving  mix  max  for  comparison  with  similar  results  from  the  augmenter 

The  ideal  Jet  velocity  values  used  in  the  ratio  are 
V._  fps 


cross-section  rake  data 
as  follows: 
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The  resulting  velocity  ratios  are  plotted  in  Figure  7.3-16  versus  dimensionless 
distance  from  the  nozzle  exit  X/Dnt  . 
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7.3.2  Auqmenter  Cross-Section  Surveys 

Augmenter  cross-section  total  pres  sure -total  temperature 
surveys  were  taken  with  both  the  12  .25"  diameter  round  and  the  15  .5"  x  9" 
obround  augmenters.  At  elevated  jet  temperatures,  these  data  were  influenced 
by  the  convection  induced  downward  jet  deflection  described  in  the  preceding 
subsection  and  presented  in  Figure  7.3-3.  For  the  graphical  presentation 
herein,  the  augmenter  cross-section  survey  data  have  been  corrected  to  remove 
the  effects  of  this  deflection,  except  where  it  is  of  interest  to  show  the  influence 
of  vertical  jet  deflection,  &v  • 

Figures  7.3-4,  -5,  -6,  -7  and  -8  contain  the  survey  results 
from  the  aero-acoustic  tests  with  the  12.25"  diameter  round  augmenter.  Typi¬ 
cally,  the  survey  rakes  were  placed  at  the  augmenter  exit  and  at  the  station  two 
feet  upstream  of  the  exit.  Figure  7.3-4  shows  the  survey  results  for  three 
augmenter  length-diameter  ratios  at  two  jet  nozzle  total  temperatures  .  As 
with  the  jet  survey,  there  was  a  direct  correlation  between  total  temperature 
parameters  and  total  pressure  parameter,  thus  enabling  both  temperature  and 
pressure  data  to  be  represented  by  the  same  curve  using  different  scales  for 
temperature  and  pressure.  It  is  apparent  from  Figure  7  .3-4,  that  mixing 
inside  of  the  augmenter  progresses  more  rapidly  at  elevated  jet  temperature 
just  as  in  the  free  jet  case.  One  can  also  observe  how  mixing  progresses 
as  one  gets  farther  away  from  the  jet  nozzle  exit.  Figure  7  .3-5  pr  iser.to  a 
comparison  of  data  taken  at  two  different  axial  stations  with  different  overall 
augmenter  length-diameter  ratios  .  These  curves  show  that  the  extent  of  mixing 
is  primarily  a  function  of  distance  from  the  jet  nozzle  exit,  expressed  in  nozzle 
throat  diameters  and  is  not  much  affected  by  overall  length- diameter  ratio,  L^/D^. 

The  effects  of  jet  nozzle  pressure  ratio  are  illustrated  in  Figure 
7 .3-6  for  the  ^N^amb  =  case*  The  jet  survey  results  are  generally 
confirmed  again,  wherein  the  higher  Jet  nozzle  pressure  ratio  results  in  increased 
core  total  pressure. 
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FIGURE  7.3-4.  CROSS-SECTION  TOTAL  PRESSURE  ANJ  TEMPERATURE  DISTRI¬ 
BUTIONS  WITH  THE  12.25  IN.  /.UGV ENTER  HAVING  NC  SUBSONIC 
DIFFUSER  FOR  VARIOUS  AUG, VENTER  LENGTH-0  I AMETER  RATIOS. 
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MENTER  HAVING  NO  EXIT  SUBSONIC  DIFFUSER  SnOV.'ING 
THE  INFLUENCE  OF  AU GW ENTER  LENGTH-DIAMETER  RATIO 
ON  THE  DISTRIBUTION  AT  A  PARTICULAR  STATION. 

( AA</ANT=24i  XN//DNT=  1  *  G,TTN^Tamb=6, 6'  XN=2 *  0  J 
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FIGURE  7.3-6.  CROSS-SECT  ION  TOTAL  PRESSURE  AND  TEMPERATURE 
DISTRIBUTIONS  FOR  THE  12.25  IN.  DIAMETER  AUG- 
MENTER  HAVING  NO  EXIT  SUBSONIC  DIFFUSER  FOR 
JET  NOZZLE  PRESSURE  RATIOS  OF  2.0  AND  3.C. 

(AA//ANr=24'XN/,DNT=1,6/LA/DA=6,TT/Tamb=6*6) 
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FIGURE  7.3-7.  CROSS-SECTION  TOTAL  PRESSURE  AND  TEMPERATURE 
DISTRIBUTIONS  FOR  THE  12.25  IN.  DIAMETER 
AUGMENTER  WITH  AND  WITHOUT  EXIT  SUBSONIC 
DIFFUSER. 
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Figures  7.3-7  and  7.3-8  demonstrate  again  that  the  principal 
parameter  influencing  the  degree  of  mixing  completion  is  the  dimensionless 
distance  from  the  ]et  nozzle  exit  to  the  survey  station.  Figure  7 .3-7  presents 
the  survey  results  taken  with  and  without  a  subsonic  diffuser  on  the  augmenter 
exit.  Addition  of  a  diffuser  resulted  in  a  significant  increase  in  pumped  flow 
and  yet  one  observes  only  a  small  increase  in  mixed  core  total  pressure.  The 
influence  of  increased  pumped  flow  appears  mainly  in  reduced  total  pressure 
near  the  augmenter  wall.  Figure  7  .3-8  shows  the  influence  of  moving  the  jet 
nozzle  exit  axially  with  respect  to  the  augmenter  entrance.  Again,  if  one 

were  to  plot  mixed  core  total  pressure  ratio,  P^/P  ,  ,  versus  dimensionless 

T  a  mb 

axial  distance  between  nozzle  exit  and  rake,  x/Dnt,  this  dimensionless 
distance  would  appear  as  the  prime  correlating  variable. 

These  augmenter  survey  data  have  been  reduced  to  give  the 
maximum  mixed  core  velocity  and  the  ratio  ^mix  max  with  an  augmenter 

V 

in  the  same  way  as  the  jet  survey  data  were  reduced.  The  results  have 
been  plotted  in  Figures  7.3-17  and  18  versus  dimensionless  distance  from 
the  jet  nozzle  exit,  X/D^^,,  along  with  selected  points  from  the  jet  survey 
results  for  comparison.  Such  data  would  be  useful  in  correlating  augmenter 
self-noise,  that  is,  the  noise  produced  by  the  flow  leaving  the  augmenter  and 
such  a  correlation  is  discussed  in  Section  7.6.4. 

Total  pressure-total  temperature  rake  survey  data  from  the 
aero-thermal  tests  with  the  obround  augmenter  could  not  be  presented  in  the 
same  manner  as  those  data  from  the  round  augmenter  because  the  jet  centerline 
orientation  was  purposely  changed  relative  to  the  augmenter  centerline  to  define 
wall  heating,  pumping  and  noise  effects.  Consequently,  the  presentation  form 
used  in  Figures  7.3-9,  -10,  -11,  -12,  -13,  -14  and  -15  was  used  to  depict 
the  influence  of  jet  nozzle  centerline  orientation  on  the  survey  results,  as 
well  as  the  effect  of  mixing.  In  this  presentation,  the  data  are  presented  as 
a  series  of  isolines  in  the  augmenter  cross-section  for  both  rake  stations  . 

Each  isoline  corresponds  to  a  particular  total  pressure  to  ambient  pressure 
ratio  and  temperature  parameter.  This  presentation  makes  it  easy  to  see 
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how  the  test  variables  influence  the  location  of  the  maximum  velocity  core 
and  the  extent  of  mixing.  The  location  of  the  jet  nozzle  center  is  shown  in 
each  case.  To  add  universality  to  the  data,  lateral  and  vertical  nozzle  posi¬ 
tion  parameters  were  defined  as  illustrated  in  Figure  4.3-1.  Y  =  1.0  and 

Z  =  1.0  correspond  to  a  jet  centered  in  the  augmenter,  while  Y  =0  or 
P  p 

Z  =  0  would  correspond  to  the  jet  grazing  the  augmenter  wall. 

The  influence  of  lateral  jet  nozzle  centerline  translation  at 
X^  =  2  .0  is  found  by  comparing  Figures  7  .3-9  for  the  centered  jet  with 
Figure  7.3-10  for  a  3.6"  lateral  jet  centerline  offset  (Y  =0.45).  Two  things 
are  of  particular  interest:  1)  the  lateral  offset  jet  is  somehow  carried  over  to 
the  near  sidewall  so  that  the  mixed  core  location  is  closer  to  the  wall  than 
the  jet  nozzle  centerline  and  2)  the  maximum  core  total  pressure  and  velocity 
at  either  survey  station  are  higher  with  the  offset  jet  (i.e. ,  mixing  is  not  as 
complete) .  These  effects  are  increased  when  the  jet  is  moved  still  closer 
to  the  sidewall  (Figure  7.3-13)  or  deflected  toward  the  sidewall  (Figure  7  .3-12)  . 

A  comparison  of  Figure  7  .3-10  for  X^=2.0  with  Figure  7  .3-1 1 
for  X^  =3.0  shows  a  decreased  tendency  of  the  jet  flow  to  be  carried  to  the 
sidewall  at  higher  Jet  nozzle  pressure  ratio.  Figures  7.3-14  and  7.3-15  showing 
the  effects  of  vertically  deflecting  the  jet  nozzle  centerline  indicate  that  vertical 
deflection  does  not  result  in  as  severe  a  tendency  of  the  jet  to  be  carried  to  the 
near  wall,  as  does  lateral  translation  and  deflection.  The  maximum  core  total 
pressures  are  not  increased  as  much  either. 

The  tendency  of  the  laterally  translated  or  deflected  Jet  to  be 
carried  to  the  sidewall  is  fell  in  two  other  areas;  maximum  wall  temperature, 
discussed  in  subsection  7  .4  and  in  the  generation  of  augmenter  exit  self-noise 
discussed  in  Section  7.6.  The  rake  survey  results  have  here,  again,  been 
reduced  to  ^mlx  max  .  These  results,  for  the  obround  augmenter,  are 
V)et 

presented  in  Figure  7.3-19  showing  the  effects  of  jet  centerline  lateral 
translation  and  deflection.  Data  from  the  Jet  survey  and  round  augment  :r 
survey  are  included  for  comparison.  In  addition  to  Figure  7.3-19,  Figure 


-  158  - 


.fc*  GJ  ro 


<J\  CO  K) 


AD-A109  848  FLUIOYNE  ENGINEERING  CORP  MINNEAPOLIS  MINN  F/G  14/2 

AERODYNAMIC  AND  ACOUSTIC  TESTS  OF  A  1/15  SCALE  MODEL  DRY  COOLED— ETC (U) 
OCT  75  JL  GRUNNET  t  I  L  VER.  G  GETTER  N62467-74-C-0490 

UNCLASSIFIED  Nt 


FluiDynk  engineering  corporation 


Flu/ 


7  smb 


I  so  1  i ne  T  amb 


Flu t Dyne  engineering  corporation 


FIGURE  7.3-16.  MAXIMUM  MIXED  VELOCITY  70  JET  VELOCITY 

RATIO  VERSUS  AXIAL  LOCATION  FROM  THE  JE1 
SURVEY  RESULTS. 
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7.3-20  has  been  prepared  to  show  the  ratio  ^mix  max  ,  thus  giving  some 

V  , 

mix  avg . 

idea  of  how  the  various  parameters  influence  the  mixed  velocity  distribution. 
When  ^mix  max  is  equal  to  1.0,  the  velocity  profile  would  be  flat.  The 
^mix  avg . 

results  have  a  bearing  on  the  interpretation  of  the  self-noise  data.  They 
indicate,  for  example,  that  with  an  obround  augmenter  having  a  laterally 
offset  Jet  centerline,  the  velocity  profile  is  far  from  flat 

(  -f111*— —  >2  at  X/  Dmt  =  32  ) 

vmix  avg . 

so  that  the  principal  resulting  self-noise  would  be  generated  by  a  small, 
persistent,  high  velocity  core  of  flow,  rather  than  by  a  uniform,  distributed 
mass  flow  leaving  the  augmenter. 

7.3.3  Augmenter  Exit  Ramp  Surveys 

Figure  7.3-21,  -22  and  -23  present  total  pressure  rake  data 
taken  during  the  acoustic  tests  at  the  point  where  the  mixed  flow  leaves  the 
obround  augmenter  exit  ramp.  In  every  case,  the  flow  appears  to  have  dis¬ 
tributed  itself  into  a  fairly  thin  sheet.  Each  of  the  three  figures  shows  the 
influence  of  a  particular  variable .  In  Figure  7.3-21,  the  rake  total  pressure 
distribution  is  plotted  for  two  Jet  nozzle  exit  to  augmenter  entrance  spacings  . 
Since  the  larger  spacing  results  in  a  longer  flow  path  between  the  nozzle 
exit  and  the  rake,  mixing  has  progressed  farther  and  the  maximum  total  pressure 
is  lower.  Similarly,  the  data  in  Figure  7.3-22  shows  the  ramp  rake  total 
pressure  distribution  for  two  different  augmenter  lengths  .  Here  again,  the 
longer  flow  path  represented  by  the  longer  augmenter  results  in  a  lower  peak 
total  pressure.  Figure  7.3-23  presents  the  rake  data  taken  at  three  different 
Jet  nozzle  pressure  ratios  and  shows  the  influence  of  increased  Jet  total 
pressure  on  the  maximum  rake  total  pressure. 


It  is  of  special  interest  to  compare  the  maximum  exit  ramp  rake 
total  pressure  for  a  particular  configuration  with  the  maximum  augmenter  exit 
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FIGURE  7.3-22.  TOTAL  PRESSURE  DISTRIBUTION  AT  THE  TOP  OF  THE  03R0UND 
AUGMENTER  EXIT  RAMP  FOR  TWO  AUGMENTER  LENGTH-DIAMETER 
RATIOS. 

I  Xw/D.|T=!l ,  6,Ttm/T  .  =6.  6,X.,=2. 0,  Y  =0. 45  ) 
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total  pressure.  This  can  be  done  by  comparing  the  maximum  exit  ramp  total 
pressure  from  Figure  7 .3-22  for  the  72"  augmenter  length  with  the  maximum 
augmenter  exit  total  pressure  from  Figure  7  .3-10  .  At  the  augmenter  exit,  a 
maximum  total  pressure  to  ambient  pressure  ratio  of  about  1 .065  is  found, 
while  the  maximum  exit  ramp  rake  total  pressure  to  ambient  pressure  ratio 
Is  found  to  be  1.052.  Considering  the  geometry  (the  ramp  rake  isn't  lined 
up  with  the  jet  centerline),  one  would  conclude  that  the  maximum  velocity  in 
the  flow  leaving  the  ramp  is  only  slightly  lower  than  the  maximum  velocity 
leaving  the  augmenter  duct. 


7.3.4  Stack  Exit  Total  Temperatures 


Two  total  temperature  probes  were  placed  in  the  stack  exit  with 
the  stack  and  baffles  configuration .  One  probe  was  on  the  stack  centerline, 
the  other  was  displaced  laterally  one-half  the  distance  to  the  stack  sidewall. 
These  probes  were  mounted  on  a  lateral  plate  which  could  be  reversed  end  for 
end.  As  a  result,  data  was  obtained  both  with  the  offset  probe  behind  the  jet 
nozzle  position  and  on  the  opposite  side  of  the  stack  from  the  jet  nozzle  center- 
line.  The  data  from  these  probes  is  presented  in  Figure  7  ,3-24  in  the  form  of 
a  temperature  parameter  where 


T  -  T 

exit  a  mb 

T  -  T 

T^j  amb 


T  -  T 
exit  iBE 


The  results  show  that  the  probe  behind  the  jet  nozzle  experiences  much  higher 
total  temperatures.  The  indicated  exit  temperature  parameter  of  0.275 
corresponds  to  a  temperature  of  950°F  for  an  afterburning  engine  on  a  100°F  day. 


7  . 4  Augmenter  Longitudinal  and  Perimetral  Wall  Temperature  Distributions 

Among  the  major  goals  of  this  test  program  was  the  gathering  of  test  data 
relating  to  Jet  impingement  on  the  augmenter  wall  and  resultant  augmenter  wall 
heating.  To  accomplish  this,  the  aero-thermal  test  program  was  run  with  the 
absorptive  obround  augmenter  having  30  longitudinally  and  perimetrally  distributed 
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wall  thermocouples  ,  as  well  as  wall  static  pressure  taps.  Tests  were  run 
with  the  Jet  nozzle  centerline  oriented  in  various  ways  relative  to  the  augmenter 
centerline  to  define  the  influence  of  aircraft  configuration  and  orientation  on 
the  wall  heating  phenomenon.  Here,  as  with  the  preceding  survey  results, 
corrections  have  been  made  to  account  for  the  effective  jet  deflection  at 
elevated  temperature,  except  where  it  is  desired  to  show  the  influence  of 
vertical  Jet  nozzle  centerline  deflection. 

The  augmenter  cross-section  survey  results  for  =  2  .0,  discussed 

in  Section  7.3.2,  indicated  that,  with  lateral  translation  or  deflectbn  of  the 

Jet  nozzle  centerline  relative  to  the  obround  augmenter  centerline,  the  jet 

tended  to  be  carried  to  the  augmenter  sidewall.  The  results  of  this  tendency 

are  graphically  illustrated  in  Figure  7.4-1  which  shows  the  longitudinal  dis- 

T 

tribution  of  augmenter  wall  temperature  parameter,  wall  ,  for  a  number  of 
different  lateral  nozzle  centerline  locations  and  deflections  .  The  data  in  the 
figure  indicate  unexpectedly  high  augmenter  sidewall  temperatures  for  a  lateral 
offset  and  deflection  representative  of  the  F-14A  aircraft  configuration  ( Yp  =  0 .45, 
a  =  1°).  Similar  top  and  bottom  wall  data  show  appreciable  jet  impingement 

•3 

effects  when  the  Jet  is  deflected  vertically  (Figure  7.4-2).  Figure  7.4-1  shows, 
for  example,  that  the  orientation  corresponding  to  the  F-14A  (Y  =  0  .45,  o.g  =  1°) 
results  in  over  100%  greater  maximum  wall  temperature  parameter  than  for  the 
centered,  undeflected  jet. 

Additional  obround  augmenter  sidewall  temperature  data  were  obtained 
during  the  acoustic  testing  to  find  the  influences  of  the  augmenter  exit  ramp 
and  the  influence  of  jet  nozzle  total  temperature  and  pressure  ratio  on  wall 
temperature.  Figure  7  .4-3  shows  the  distribution  of  sidewall  temperature 
parameter  at  ^  =  2  .0  with  and  without  ramp  for  nozzle  total  temperatures 
of  2300°R  and  3300°R  (^Tj^/T  ^  =  4 . 6  &  6 . 6) .  The  data  show  a  slightly 

lower  maximum  wall  temperature  parameter  at  ^T^  =  3300° R  than  at  2300° R 
(which  is  due  to  a  slightly  lower  mixed  temperature  parameter;  see  Section 
2.2)  and  a  slight  increase  in  maximum  wall  temperature  parameter  when  the 
ramp  is  added  because  of  the  reduction  in  pumped  air. 
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FIGURE  7.4-1. 


I ONGiTUD INAL  SIDEWALi  TEMPERATURE  DISTRIBUTION 
VERSUS  JET  NOZZLE  LATERAL  POSITION  AND  DEFLECTION 
FOR  THE  06RCUND  AUGMENTER. 

(AA//ANT=25,Xt/0NT=1'°,LA/,DAR6,TTN/T£mb= '*6/Afr2‘C) 
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FIGURE  7.4-3. 
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FIGURE  7.4-5  LONGITUDINAL  SIDITWALI,  TEMPERATURE  DISTRIBUTION  TOR  THE 


OBROUND  AUGMENTER  AND  EXIT  RAMP  FOR  VARYING  AUGMENTER 
LENGTH-DIAMETER  RATIOS. 
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FIGURE  7.4-7. 
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FIGURE  7.4 


downs treem  view 


WALL  TO  SHELL  PRESSURE  RATIO 


9.  WALL  PRESSURE  AND  TEMPERATURE  VARIATION  AROUND 
THE  PERIMETER  OF  THE  0 GROUND  A U CM ENTER  AT  THE 
n  IN.  STATION  WITH  THE  JET  IN  POSITION  c  (YD 
0.29)  ANO  UNOEFLLCTED. 
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FIGURE  7.4 
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11.  WALL  PRESSURE  AND  TEMPERATURE  VARIATION  AROUND 
THE  PERIMETER  OF  THE  08R0UND  AUGMENTER  AT  THE 
42  IN.  STATION  WITH  THE  JET  CENTERED  (POSITION  a 
Yn  «  1.0J  AND  DEFLECTED  DOWNWARD  3.6°. 
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The  effects  of  Jet  nozzle  pressure  ratio  on  the  sidewall  temperature 

parameter  with  the  offset  Jet  (Y  =0.45,  o.  -  0°)  appear  in  Figure  7  .4-4  . 

p  s 

Operation  at  ^  =  3  .0  rather  than  2  .0  greatly  reduces  the  extent  of  jet 
impingement  on  the  augmenter  sidewall.  This  is  to  be  expected  on  the  basis 
of  the  augmenter  cross-section  survey  results  (Figure  7.3-11)  wherein  the 
higher  pressure  ratio  offset  Jet  was  not  carried  closer  to  the  sidewall. 

Figure  7.4-5  contains  wall  temperature  parameter  data  for  different 
augmenter  length-diameter  ratios  .  These  data  indicate  that,  within  the 
accuracy  obtainable,  augmenter  length-diameter  ratio  has  little  effect  on 
the  longitudinal  wall  temperature  distribution. 

Figures7 .4-6,  -7,  -8,  -9,  -10  and  -11  represent  a  different  way  of 
presenting  the  affect  of  impingement  on  wall  temperature.  At  each  of  the 
instrumented  axial  stations,  there  were  several  thermocouples  and  wall 
pressure  taps  located  around  the  augmenter  liner  perimeter.  For  the 
figures  presented  herein,  the  instrumentation  at  the  42"  station  has  been 
selected  to  portray  the  influence  of  Jet  impingement  on  the  distribution  of 
wall  temperature  and  pressure  around  the  liner  perimeter.  Figure  7  .4-6 
shows  the  pressure  and  temperature  distribution  for  a  centered,  undeflected 
Jet  nozzle.  The  temperatures  and  pressures  must  be  symmetrical  with 
respect  to  both  the  vertical  and  horizontal  axes  .  Figures  7  .4-7,  -8  and 
-9  show  the  effects  of  varying  amounts  of  lateral  jet  centerline  offset  and 
deflection.  Similarly,  Figures  7.4-10  and  -11  present  the  data  taken  with 
different  amounts  of  vertical  nozzle  centerline  deflection. 

7  .5  let  Nozzle  Base  Pressure 

A  single  Jet  nozzle  base  pressure  tap  was  installed  on  the  nozzle  boattail 
about  l/4  inch  upstream  of  the  nozzle  exit.  Measurements  of  nozzle  base 
pressure  were  Luken  for  all  test  points  to  make  possible  a  determination  of 
how  the  base  pressure  is  affected  by  the  Hush  House  environment.  Because 
of  the  peculiar  boattail  configuration,  the  base  pressure  was  significantly 
below  ambient  pressure  even  for  the  jet  survey  tests  and  corresponded  to 
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NB 

p 

'  a  mb 


.996 


for  all  and  conditions  . 


A  base  pressure  parameter,  NB  ,  was  defined  to  show  how  the  base  pressure 

P 

pump-down  with  the  jet  inside  of  a  Hush  House  would  compare  to  the  pump- 
down  during  out-of-doors  (free  field)  operation. 

(P 


NB 


NB  '  interior  >Hush  House  “  (PNB  _  Pamb)free  field 


a  mb 

augmenter  ~  ^  ^ jet  survey 

PEE 


When  an  aircraft  is  placed  in  a  Hush  House,  the  Hush  House  interior  pressure 
becomes,  in  effect,  a  different  reference  ambient  pressure.  A  base  pressure 
parameter  of  -0  .005,  for  example,  would  imply  that  the  nozzle  base  pressure  in 
the  Hush  House  environment  is  2"  H20  lower,  relative  to  this  new  reference 
ambient  pressure  than  the  free  field  base  pressure  is  relative  to  barometric 
pressure.  Figure  7.5-1  presents  the  base  pressure  parameter  plotted  versus 
jet  nozzle  to  ambient  temperature  ratio  for  a  variety  of  test  configurations  with 
a  nozzle  exit  to  augmenter  entrance  spacing  typical  of  the  expected  F-14A 
installation.  The  data  shows  little  excess  nozzle  base  pump-down  for  most 
configurations  when  the  jet  nozzle  to  ambient  temperature  ratio, 
corresponds  to  military  or  afterburning  power.  The  pump-down  increases  with 
the  increased  pumped  flow  associated  with  the  addition  of  a  subsonic  diffuser. 

A  very  small  pump-down  is  apparent  with  the  obround  augmenter  which  implies 
that  the  nozzle  base  pressure  with  Hush  House  operation  will  bear  the  same 
relationship  to  the  Hush  House  interior  pressure  as  the  free  field  operation  base 
pressure  does  to  barometric  pressure. 


Figure  7  .5-2  shows  the  influence  of  nozzle  exit  to  augmenter  spacing 
on  base  pressure  parameter.  As  the  jet  nozzle  exit  is  moved  very  close  to 
the  augmenter  entrance, the  base  pressure  is  influenced  more  and  more  by 
reduced  static  pressures  in  the  pumped  flow  entering  the  augmenter  and  the 


-  190  - 


FluiDyne  engineering  corporation 


base  pressure  parameter  becomes  more  and  more  negative.  At  large  spacings 
between  the  nozzle  exit  and  augmenter  entrance,  on  the  other  hand,  the 

D 

situation  at  the  nozzle  base  approaches  the  free  field  situation  and  NBp  =0 
within  the  measurement  accuracy. 

Since  the  base  pressure  parameter  shows  little  excess  pump-down  for 
configurations  typical  of  Hush  House  installation  with  normal  engine  operating 
conditions,  the  nozzle  base  pressure  effects  will  not  be  given  further  con¬ 
sideration  . 
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FIGURE  7.5-2.  NOZZLE  BASE  PRESSURE  PARAMETER  VERSUS  JET  NOZZLE 
EXIT  TO  AUGMENTER  ENTRANCE  SPACING  PARAMETER. 

(A ./ Amt=25,La/0  .56,  X..=2. 0  ) 


7.6  Acoustic  Test  Results 


7.6.1  Jet  survey 

The  purpose  of  the  jet  survey  was  to  obtain  baseline  data 
on  the  PWL  spectra  of  the  undisturbed  (not  surrounded  by  an  aup- 
menter  tube)  jets  used  in  the  model  study.  The  2 . 75-in . -diameter 
convergent-divergent  nozzle,  as  described  in  detail  in  Sec.  4.1, 
was  run  at  pressure  ratios  of  2  and  3  and  at  jet  nozzle  tempera¬ 
tures  j’,pM  Op'  1 3 0 ° H ,  2 3 0 0 ° K ,  and  3300°R.  Table  '!.(<.  1  summarizes  the 
characteristic  acoustic  parameters  of  the  various  model  jets. 

TABLE  7.6.1  CHARACTERISTIC  ACOUSTIC  PARAMETERS  OF  THE  MODEL  JETS* 


Jet  Total 
Temperature 

Pressure 

Ratio 

Jet  Exit 
Velocity 
fps 

Jet  Mach 

Tt  in  °R 

’n 

T.  in  °R 

J 

XN 

Number 

pEXIT/pAMB+ 

426.4 

2 

1056 

1 .04 

1.17 

520 

380 

3 

1302 

1.36 

1.31 

1886 

2 

2221 

1.04 

0.264 

2300 

1680 

3 

2737 

1.36 

0.298 

2706 

2 

2660 

1.04 

0.184 

3300 

2410 

3 

3278 

1.36 

0.208 

*This  information  was  supplied  by  Fluidyne  and  is  based  on  the  assumption 
that  the  jet  was  expanded  isentropically  to  f or  each  of  the  above 

conditions. 

^Ratio  of  density  of  jet  exhaust  gas  at  exit  plane  to  density  of  ambient 
temperature  air. 
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Measured  Data 


Figure  7.6.1  shows  the  measured  1/3-octave  band  PWL  spectra 

(in  do  re  10-'2  W)  for  A.,  =  2  with  Tm  as  parameter.  Figure 

h  N 

7.6.2  presents  the  same  information,  but  for  A^  =  3.  As  expected, 
both  figures  show  an  increase  in  PWL  with  increasing  jet  tempera¬ 
ture.  The  ratio  of  increase  corresponds  roughly  to  the  square  of 
the  ratio  of  the  absolute  temperatures. 


At  A,,  =  3  and  at  room  temperature  (i.e.,  Tm  =  5?0°R),  the 
a  1 1J 

jet  nozzle  was  not  correctly  expanded  (  Ppx  ^  anci  '^et  screec!l 

was  observed  [A-3,  A-4  ].  Screech  is  a  phenomenon  that  involves 
an  acoustic  feedback  from  the  shock  region  to  the  nozzle;  it 
manifests  itself  in  strong  harmonically  related  pure-tone  com¬ 
ponents  in  the  PWL  spectrum.  In  Fig.  7-6.2,  one  can  see  strong 
pure-tone  components  in  the  2-kHz  and  A-kHz  center  frequency 
1/ 3-octave  bands.  Observations  indicate  [A-3]  that  the  process 
is  nonstationary  and  that  the  amplitude  of  the  tones  can  vary 
strongly  with  even  the  slightest  changes  in  the  geometry  of  the 
reflecting  surfaces  in  the  vicinity  of  the  nozzle.  In  addition 
to  screech,  the  improperly  expanded  jet  generates  excess  broad¬ 
band  noise  due  to  the  interact. ion  of  converted  vortices  with 
shock  waves. 


Since  shock  no:.-'  and  screech  occurred  only  at  runs  with 
ambient  temperature  and  a  pressure  ratio  of  3,  neither  of 
which  condition  corresponds  to  jot  -engine  05  era!  ion,  and  sin. a 
shock  and  screech  noise  are  poorly  documented  and  understood  at 
present,  the  interpretation  of  this  specific  condition  was  not 
pursued.  It,  should  be  noted  only  that  screech  often  can  be 
eliminate.,!  by  adding  on  the  nozzle  lip  a  small  projection  that 
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FIG.  7.6.1.  MEASURED  1/3-OCTAVE  BAND  PWL  SPECTRA  FOR  X N  =  2. 
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1/3  OCTAVE  BAND  SOUND  POWER  LEVEL  ( dB  re  10~12  wafts  ) 


is  sufficient  to  disturb  the  correlation  of  the  vortex  shedding 
along  the  lip  and  thereby  destroy  the  feedback  mechanism 

Normalization  of  the  Measured  Data 

The  measured  model  data  yield  a  satisfactory  collapse  into 
a  single  curve  if  the  measured  1/3-octave  band  PWL  data  are 
normalized  according  to  the  empirical  relationship  given  by 

PWLnm  =  PWLm  -  20  log  ( Trp^/520 )  -  30  log  \N  ,  (7.6.1) 

where  PWL^  is  the  measured  1/3-octave  band  PWL  in  dB  re  10  W 
of  the  model. 

Figure  7.6.3  shows  the  model  jet  data  of  Figs.  7-6.1  and 
7.6.2  normalized  according  to  Eq .  7.6.1.  Except  for  the  ambient 
temperature  run  near  the  peak  of  the  spectrum,  the  data  collapse 
is  quite  satisfactory.  Thus,  at  least  in  the  pressure  ratio  and 
temperature  ranges  of  interest,  the  sound  power  at  each  frequency 
hand  increases  with  the  square  of  the  ratio  of  the  absolute 
temperatures  and  with  the  third  power  of  the  pressure  ratio. 

A  common  method  for  collapsing  data  is  to  plot  them  against 
the  Strouhal  frequency  S  defined  as 

f  D., 

S  =  ,  (7.6.2) 

j 

where  f  is  the  frequency,  is  the  diameter  of  the  nozzle,  and 

U.  is  the  jet  flow  exit  velocity.  This  method  gives  good  data 
J 

collapse  for  cold  subsonic  jets,  but  did  not  work  at  all  in  our 
case  of  a  hot  supersonic  jet.  However,  a  Strouhal  frequency 
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PWLmm  =  PWLm  -  20  log  (  Ttn/520  )  -  30  log 
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based  on  the  speed  of  sound  in  the  surrounding  air  rather  than 
on  the  jet  flow  exit  velocity  yielded  satisfactory  data  collapse. 


Extrapolation  to  Full  Scale 

Keeping  the  same  pressure  ratio  and  temperature  and  increasing 
the  diameter  of  the  nozzle  manifests  itself  in  (1)  an  increase 
of  the  sound  power  output  which  is  proportional  to  the  square  of 
the  ratio  of  the  diameters  and  (2)  a  shift  of  the  model-scale 
spectrum  toward  the  lower  frequencies  corresponding  to  the  ratio 
of  the  diameters  of  the  model-scale  and  full-scale  nozzles  (i.e., 
fp  =  f,.,  DfJ D.j p ) .  Applying  this  procedure  to  Eq.  7.6.1,  one  can 
use  the  normalized  sound  power  spectra  PWL^  obtained  for  scale- 
model  data  at  model  frequency  f^  to  predict  the  spectral  level 
of  the  noise  at  full-scale  frequencies  f„  as  follows: 

r 


PWL(fp)  =  PWLNM(fM)  +  20  log  (TT^/520 )  +  30  log 
+  20  log  Dn/2.75 


(7.6.3) 


where  PWL^Cf^)  is  the  octave-band  PWL  spectrum  of  the  1:15 
scale-model  data  (given  in  Fig.  7. 6.  A  and  normalized  according 
to  Eq .  7.6.1)  and  PWL(fp)  is  the  predicted  octave-band  PWL 
spectrum  at  full  scale.  An  example  of  using  this  scaling  pro¬ 
cedure  is  given  in  Sec.  2.3.1. 


7.6.2  Aeroacoustic  tests 

The  primary  purpose  of  the  aeroacoustic  tests  run  with 
various  hard-walled  augmenter  conf igurations  was  the  generation 
of  aerodynamic  data  regarding  pumping  performance.  Acoustic 
data  were  taken  for  every  run,  but  very  little  variation  was 


NORMALIZED  OCTAVE  BAND  SOUND  POWER  LEVEL,  PWLnw  (dB) 


FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 
31.5  63  125  250  500  1000 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


FIG.  7.6.4, 


OCTAVE-BAND 
Tr  =  520°  R 
N 


PWL  SPECTRUM  NORMALIZED  TO  X 
,  AND  Dn  =  2.75  in. 


N 


1, 


observed;  thus,  the  test  results  can  be  summarized  by  a  few 
graphs  that  illustrate  characteristic  trends. 

Effect  of  Eozzle  Distance 

Depending  on  the  distance  between  the  nozzle  exit  plane  and 
the  augmenter  inlet,  the  distribution  of  sound  power  between 
the  burner  room  and  the  exhaust  room  varies.  Figure  7-6.5  shows 
the  PV.'L  spectra  measured  at  3300°R  and  a  pressure  ratio  of  2 
for  a  72-in. -long,  12 . 5-in . -diameter ,  hard-wall  augmenter  tube 
when  the  nozzle  was  located  10.5  in.  upstream  of  the  augmenter 
exit  plane.  For  this  specific  case,  the  jet  PWL  is  very  nearly 
evenly  distributed  between  the  two  rooms. 

The  low-frequency  portion  of  the  spectrum,  which  is  generated 
far  downstream  of  the  nozzle  well  inside  the  augmenter  tube,  pro¬ 
pagates  mostly  into  the  exhaust  room.  The  high-frequency  part 
of  the  spectrum,  which  is  generated  near  the  nozzle,  radiates 
primarily  into  the  burner  room.  Except  for  a  slight  difference 
at  high  frequencies,  the  sum  of  the  PWL  spectra  of  the  burner 
and  the  exhaust  rooms  closely  corresponds  to  the  total  sound 
power  of  the  free  jet  as  measured  previously  in  the  jet  survey 
series.  This  slight  difference  in  sound  power  at  high  frequencies 
is  most  likely  the  result  of  a  slight  decrease  in  velocity 
gradient  in  the  shear  layer  due  to  the  more  concentrated  secondary 
flow  pumped  by  the  jet  and  a  very  small  but  finite  attenuation 
of  sound  in  the  hard  augmenter  tube. 

Figure  7-6.6  shows  the  character  * stic  changes  in  the  PWL 
spectrum  in  the  exhaust  room,  and  Fig.  7.6.7  shows  the  correspond¬ 
ing  change  in  the  PWL  spectrum  in  the  burner  room,  with  changing 
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FIG.  7.6.6.  EFFECT  OF  AXIAL  DISTANCE  ON  THE  SOUND  POWER  RADIATED 
INTO  THE  EXHAUST  ROOM  AT  3300°R,  XN  =  2,  D*  =  12.5  in 
La  =  72  in.  n 
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FIG  7.6.7.  EFFECT  OF  AXIAL  DISTANCE  ON  THE  SOUND  POWER  RADIATED 
INTO  THE  BURNER  ROOM  AT  3300°R,  \N  =  2 ,  DA  =  12.5  in 
lA  =  72  In. 
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axial  distance  of  the  nozzle  from  the  augmenter  inlet, 
data  indicate  that  in  Hush  House  designs  the  axial  distance  X ^ 
should  be  less  than  twice  the  diameter  of  the  nozzle  to  reduce 
that  portion  of  the  high-frequency  sound  energy  which  enters  the 
Hush  House  proper  and  produces  noise  levels  in  the  vicinity  of  the 
aircraft  in  excess  of  the  free-field  levels.  Sound  levels  in 
excess  of  the  free  field  values  are  undesirable,  because  they 
increase  the  noise  exposure  of  service  personnel  and  may  lead 
to  fatigue  of  fuselage  or  failure  of  certain  instrument  packages. 

Of  course,  as  decreases,  more  of  the  jet  noise  roes  into  the 
exhaust  room. 

Effect  of  Augmenter  Tube  Length 

The  length  of  the  hard-walled  augmenter  tube  has  practically 
no  influence  on  burner-room  PWL  spectra.  Exhaust-room  PWL  spectra 
decrease  slightly  with  increasing  augmenter  tube  length,  indicating 
a  very  small  but  finite  sound  attenuation  in  the  hard  augmenter 
tube.  The  data  plotted  in  Fig.  7-6.8  illustrate  this  behavior, 
which  is  typical  of  other  hard-walled  augmenter  configurations. 

Effect  of  a  Subsonic  Diffuser 

Except  for  a  very  slight  decrease  of  high-frequency  sound 
in  the  burner  room,  adding  a  subsonic  diffuser  to  a  hard  aug¬ 
menter  tube  to  increase  pumping,  performance  has  practically  no 
effect  on  the  efficiency  of  the  noise-generation  process. 

Effect  of  Inlet  Throttle 

The  throttling  device  used  to  effect  small  changes  in  the 
secondary  cooling  air  volume  pumped  by  the  primary  jet  had  no 
effect  on  either  burner-room  or  exhaust-room  noise  levels. 
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V3  OCTAVE  BAND  SOUND  POWER  LEVEL  (dB  re  10'12  wafts) 


FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


FIG.  7.6.8.  EFFECT  OF  LENGTH  OF  HARD-WALLED  AUGMENTER  TUBE  ON  PWL 
AT  3300° R ,  XN  =  2,  0A  =  8  in.,  XN  =  4  in. 
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Effect  of  Augmenter  Inlet  Geometry 

Round  and  conical  bellmouths  produce  about  the  same  sound 
power  in  both  the  burner  and  the  exhaust  rooms.  A  sharp-edged 
bellmouth  was  found  to  decrease  sound  levels  in  the  burner  room 
by  about  2  dB  at  all  but  the  lowest  frequencies,  but  it  had  no 
significant  effect  on  exhaust-room  levels.  Because  most  of  the 
sound  power  entering  the  Hush  House  proper  is  due  to  reflection 
of  highly  directional  sound  radiating  from  the  shear  layer  just 
downstream  of  the  nozzle,  the  wall  surfaces  in  the  vicinity  of 
the  augmenter  intake  as  well  as  of  the  augmenter  bellmouth  should 
have  a  highly  effective  sound-absorbing  treatment  or  a  geometry 
such  that  the  jet  noise  reflected  from  these  surfaces  will  either 
enter  the  augmenter  tube  or  be  directed  toward  other  highly 
absorptive  surfaces. 

I 

7.6.3  Aerothermal  tests 

The  main  purpose  of  the  aerothermal  tests  was  to  provide 
design  information  regarding  wall  temperatures  and  velocity 
profiles  in  the  obround  lined  augmenter  tube  modeling  the  Miramar 
installat ion . 

Effect  of  Nozzle  Position 

The  radial  position  of  the  nozzle  with  respect  to  the  center 
of  the  augmenter  tube  affects  the  intensity  of  the  exhaust  noise 
exiting  from  a  lined  augmenter  tube.  The  measured  data  plotted  in 
Pig.  7.6.9  illustrate  this  effect.  The  lowest  levels  are  generated 
when  the  nozzle  is  centered.  Shifting  the  nozzle  to  the  F«-lA 
position  increases  the  exhaust  noise  by  3  dB  at  frequencies  where 
the  radial  dimension  of  the  augmenter  becomes  large  compared  with 
the  wavelength  of  sound.  A  further  shift  toward  the  lined  wall 
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NOZZLE  POSITION 


FREE  JET  FROM  JET  SURVEY 

F  14  POSITION 

1"  TO  RIGHT  OF  F  14  POSITION 


results  in  a  slight  additional  increase  of  the  exhaust,  noise  at 
high  frequencies.  The  reason  for  this  increase  is  most  probably 
due  to  the  fact  that  moving  the  jet  from  the  center  position 
shifts  one  half  of  the  sound  field  nearer  to  and  the  other  half 
further  away  from  a  sound-absorbing  wall.  The  net  result  of 
this  shift  is  always  a  reduced  sound  attenuation.  In  addition, 
the  unsymmetric  geometry  results  in  higher  peak  exit  velocities 
and  in  a  higher  degree  of  inhomogeneity  of  the  flow,  both  of  wrhich 
conditions  tend  to  increase  self-noise  levels. 


Effect  of  Angular  Misalignment 

An  angular  misalignment  of  the  nozzle  from  the  augmenter 
tube  axis  results  in  higher  exhaust  room  noise  levels.  As  shown 
in  Fig.  7.6.10,  the  acoustical  effect  of  such  angular  misalign¬ 
ment  is  similar  in  nature  to  the  effect  observed  for  off-center 
positioning  of  an  otherwise  axially  oriented  nozzle  (see  Fig. 
7.6.9  for  comparison).  Note  that  the  effects  of  off-center 
spacing  and  angular  misalignment  are  additive. 


Burner-room  noise  levels  remain  practically  unaffected  by 
small  angular  misalignments,  say  less  than  3°. 


Effect  of  Rakes 

During  many  aerothermal  tests,  rakes  were  deployed  to  measure 
the  velocity  and  temperature  profiles  at  axial  locations  in 
the  augmenter  tube.  Turbulent  wakes  and  periodic  vortex  shedding 
from  these  rakes  generated  considerable  noise;  in  certain  frequency 
ranges,  this  noise  exceeded  the  intensity  of  the  Jet  noise  at¬ 
tenuated  by  the  lined  augmenter  tube.  Except  for  Fig.  7.6.11, 
all  acoustical  data  presented  in  this  report  were  measured  with 
no  rakes  in  the  lined  augmenter. 


PI  0 


FIG.  7.6.10. 


Figure  7.6.11  shows  the  effect  of  the  rakes  on  the  sound 

power  entering  the  exhaust  room  through  a  lined  augmenter  tube, 

indicating  that  the  presence  of  solid  structures  in  the  flow  can 

considerably  increase  the  exhaust  noise.  As  expected,  the  increase 

is  the  highest  for  axial  location  X*  (i.e.,  at  the  end  of  the 

2 

lined  augmenter  tube),  where  this  is  no  lining  downstream  to  ab¬ 
sorb  the  sound  generated  at  this  location.  Note  also  the  strong 
peak  in  the  exhaust  room  sound  power  spectrum  at  16  kHz,  which 
corresponds  to  the  frequency  of  periodic  vortex  shedding  from 
the  small-diameter  pitot  tubes  of  the  rake.  Even  when  placed 
at  X^  =  48  in.  (i.e.,  one-third  of  the  way  upstream  from  the 
augmenter  tube  exit),  the  rake  generated  enough  noise  to  control 
the  intensity  of  the  exhaust  noise  at  high  frequencies.  These 
findings  lead  to  the  conclusion  that  no  such  structures  should 
be  in  the  flow  path  when  the  acoustical  performance  of  the  full- 
scale  Miramar  Hush  House  is  tested. 

7.6.4  Acoustic  tests 

The  purpose  of  the  acoustic  tests  was  to  determine  the  re¬ 
duction  in  sound  power  provided  by  various  lined  augmenter  con¬ 
figurations  and  by  the  stack  with  sound  absorbing  baffles.  The 
reduction  in  sound  power  output  APWL  is  defined  as  the  difference 
in  the  sound  power  level  of  the  free  jet  and  the  sound  power 
level  of  the  noise  reaching  the  exhaust  room.  We  also  measured 
the  sound  power  level  in  the  burner  room  to  provide  information 
for  estimating  sound  pressure  levels  in  the  Hush  House  proper. 

The  following  exhaust  configurations  were  tested: 

•  A  model  of  the  e.haust  system  of  the  Miramar  Hush  House 

•  A  lined  model  augmenter  tube  designed  by  BBN 
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•  A  aeries  combination  of  a  hard-walled  augmenter  tube, 
hard  subsonic  diffuser,  hard  turning  vanes,  and  a  lined 
stack  with  sound  absorbing  parallel  baffles. 

•  A  variety  of  combinations  of  lined  and  hard  augmenter 
sections  and  porous  sound  absorbing  ramp. 

The  measured  data  were  to  yield  information  for  (1)  predict¬ 
ing  the  acoustical  performance  of  the  full-scale  Miramar  Hush 
House,  (2)  comparing  the  acoustical  performance  of  the  Miramar 
augmenter  with  that  designed  by  BRN,  and  (3)  use  in  the  design 
of  the  lined  exhaust  systems  of  future  Hush  Houses. 

The  acoustical  data  measured  for  the  various  jet  temperatures, 
pressure  ratios,  and  exhaust  configurations  were  the  space-time- 
averaged  sound  pressure  levels  in  both  the  exhaust  and  the  burner 
rooms.  Using  these  recorded  data,  one  could  calculate  the  1/3- 
octave  band  PWL  of  the  noise  entering  these  rooms. 


Variables  Influencing  Acoustical  Performance 

The  acoustical  performance  of  an  exhaust  silencer  system 
(i.e.,  reduction  in  sound  power  level  it  provides)  is  influenced 
in  a  complex  manner  by  a  variety  of  parameters.  Although  all 
of  these  parameters  were  modeled  so  that  the  test  results  would 
reflect  the  expected  performance  of  the  full-scale  system,  we 
discuss  these  parameters  in  a  qualitative  manner  at  this  point 
to  help  the  reader  in  understanding  and  interpreting  the  data 
presented  in  the  following  sections. 

As  shown  schematically  in  Fig.  7.6.12a,  the  exhaust  sound 
power  PWL„VU  is  the  sum  of  the  attenuated  je‘  sound  s  and  the 

hAn 

sel f-generated  sound  power  of  the  flow  exiting  from  the  exhaust 


EFFECT  OF  EXIT  SPEED-GENERATED  SELF-NOISE 

a.  EXHAUST  SOUND  POWER,  PWLEXH 

b.  POWER  LEVEL  REDUCTION  APWL 


end  of  the  system  PWL*,^ .  AL  is  the  sound  attenuation  provided 
by  the  silencer,  which  is  strongly  affected  by  the  temperature 
and  by  temperature  and  flow  gradients.  It  increases  with  in¬ 
creasing  silencer  length,  decreases  with  iner-asinr  cr-ess-se ct ion 
area,  and  usually  decreases  somewhat  with  increasin.r  flow  speed. 
Silencer  attenuation  also  depends  in  a  very  complex  manner  on  the 
wall  impedance  of  the  lininr,  which  chances  with  frequency. 

For  a  riven  exit  speed,  se 1 f-cenerated  noise  sets  an  upper 

limit,  to  the  reduction  of  sound  power  APWL;  i.e.,  the  silencer 

provides  a  measurable  reduction  AL  of  the  sound  power  radiated 

by  the  jet.  exhaust.  However,  self-noise  may  control  the  level 

of  PWL......  and  therefore  of  AFlvd,.  The  effect  of  sel f-renerated 

h  X 1 1 

noise  on  AFWL  is  shown  schematically  in  Fir.  7.6.12b.  At  low 
exit  speeds,  where  sel f-ronerated  noise  is  low,  AFWL  =  AL  and 
full  advanta.ee  is  taken  of  the  silencer  installation.  If  the 
exit  speed  is  hifth  enough  that  the  level  of  the  self-.renerated 
noise  becomes  comparable  to,  or  is  higher  than,  the  level  of 
source  noise  attenuated  by  the  silencer,  the  reduction  in  source 
sound  power  level  achieved  will  be  smaller  than  the  attenuation 
provided  by  the  silencer  (i.e.,  AFWL  <  AL) .  If  the  level  of 
the  sel f-f,ene rated  noise  is  larger  than  the  source  sound  power 
level  (i.e.,  PWLg^  >  FVJLj)  AFWL  becomes  iterative,  indicat.inr 
that  more  sound  power  exits  from  the  silencer  than  is  injected 
into  it  by  the  source.  Such  amplification  may  actually  occur 
in  cases  where  obstructions  in  the  exit  stack  reiterate  periodic 
vortex  sheddinr,,  which  interacts  with  the  acoustical  resonances 
of  the  stack. 

In  the  case  of  the  Miramar  Hush  House  and  the  other  model 
confl.ruratl ons  tested,  no  such  amplifications  occut  :  however,  in 
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certain  limited  frequency  ranges,  the  potential  performance  of 
the  lined  exhaust  system  may  be  slightly  compromised  by  self-noise 
This  result  is  unavoidable  unless  facility  sise  and  cost  is  not 
an  important  consideration. 


The  sound  power  of  the  self-generated  noise,  PWL 


SN  1 


increases 


very  strongly  with  the  exit  speed  Vg^.  If  the  exit  noise  is  con¬ 
trolled  by  the  noise  generated  by  the  mixing  of  the  exiting  flow 
with  the  surrounding  stationary  air,  the  exit  flow  can  be  con¬ 
sidered  as  subsonic  jet,  and,  in  this  case,  the  sound  power  of 
the  self-noise  increases  with  the  eighth  power  of  the  exit 
velocity.  If  the  noise  generation  is  controlled  by  the  inter¬ 
action  of  the  turbulent  exit  flow  with  solid  objects,  such  as 
rakes,  duct  walls,  and  the  lip  of  the  exit  duct,  the  sound  power 
of  the  self-noise  increases  with  the  sixth  power  of  the  exit 
velocity.  Since  the  maximum  velocity  of  the  mixed  exhaust  flow 

at  the  augmenter  exit  plane  V  .  *  increases  with  decreasing 

mix  max 

aurmenter  length  (though  the  mass  flow  remains  nearly  constant), 
the  exhaust  room  PWLs  measured  for  the  ^S-in.,  72-in.,  and  96-in. 
long  lined  BBN  augmenter  tubes  provide  an  opportunity  to  check 
whether  or  not  the  self-noise  controls  the  exhaust  sound  power. 


The  octave-band  sound  power  level  of  the  exhaust  noise, 

i 

plotted  as  a  function  of  V  .  in  Fig.  7.6.17,  shows  that  the 

level  increases  with  increasing  velocity.  This  increase  is 
attributable  to  both  the  shorter  lined  augmenter  length,  result ing 
in  a  lower  attenuation  of  the  jet  noise,  and  higher  self-generated 
noise . 
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Self-generated  noise  is  an  unavoidable  integral  part  of 
both  the  model  and  the  full-scale  systems,  and  it  is  properly 
included  in  all  of  our  data  and  predictions.  Although  some 
attempts  will  be  made  to  identify  it  in  a  qualitative  manner, 
its  separation  from  the  attenuated  source  noise  is  not  possible 
without  more  detailed  information  (i.e.,  the  turbulence  intensity 
spectrum).  Should  there  be  a  need  in  the  future  for  Hush  Houses 
accommodating  aircraft  with  a  higher  sound  power  output  than  the 
F-14,  or  should  Hush  Houses  be  required  to  meet  noise  criteria 
stricter  than  the  present  85  dBA  at  250  ft,  self -generated  noise 
will  certainly  be  a  limiting  factor  and  further  studies  must  be 
undertaken  to  determine  how  to  keep  self-noise  just  low  enough 
without  an  inordinate  increase  in  facility  size . 

Burner-Room  Data 

In  a  manner  similar  to  that  used  during  the  aerothermal 
tests,  we  measured  the  1/3-octave  band  burner-room  FWL  spectra 
for  all  runs.  The  analysis  of  the  data  provides  the  following 
conclusions : 

1.  Effect  of  Nozzle  Position:  The  data  plotted  in  Fig. 
7.6.14  show  the  effect  of  nozzle  distance,  ,  on  the  sound 
power  spectra.  The  sound  power  reaching  the  burner  room  de¬ 
creases  strongly  with  decreasing  axial  distance.  Comparing 
Pigs.  7.6.14  and  7.6.7  shows  that  with  the  lined  augmenter  one 
can  obtain  substantially  lower  noise  levels  in  the  burner  room 
than  with  a  hard  augmenter. 

2.  Effect  of  Inlet  Throttle:  Similar  to  the  case  of  hard 


augmenter  tubes,  the  inlet  throttle  has  no  appreciable  effect 
on  either  burner-room  or  exhaust-room  levels. 


OCTAVE  BAND  SOUND  POWER  LEVEL  (dB  re  10'12  watts) 


3.  Effect  of  Angular  Misalignment:  Angular  misalignment 

of  2°  to  3°  results  in  slight  (1  dB  to  2  dB)  increases  in  burner- 
room  noise  levels. 

4,  Elf  feet  of  Augmenter  Tube  Length:  The  length  of  the  lined 
augmenter  tube  in  the  range  from  48  in.  to  96  in.  has  no  effect 

on  the  sound  power  radiated  into  the  burner  room. 

o.  Effect  of  the  Ramp:  Adding  the  ramp  to  a  long  lined 
augmenter  does  not  affect  burner-room  noise  levels.  However,  for 
a  12-in. -long  lined  augmenter  section  added  to  a  60-in.-long  hard 
augmenter,  the  addition  of  a  lined  45°  ramp  decreases  the  burner- 
room  noise  levels  slightly  at  low  frequencies,  indicating  that 
the  ramp  .is  effective  in  reducing  the  intensity  of  the  sound 
reflected  from  the  end  of  the  augmenter  tube  back  into  the  burner 
room . 

6.  Effect  of  Axial  Position  of  12-in. -long  Lined  Section: 
Sound  power  level  in  the  burner  room  is  determined  mostly  by  the 
acoustic  lining  of  the  first  12  to  24  in.  (model  scale)  of  the 
upstream  end  of  the  augmenter.  With  the  12-in. -long  lined  section 
at  the  upstream  end,  burner-room  PWL  was  nearly  the  same  as  with 
the  fully  lined  augmenter,  except  at  low  frequencies  where  PWL 
was  only  2  to  3  dB  greater  than  for  the  fully  lined  augmenter. 
Placing  the  12-in.  section  anywhere  else  in  the  augmenter  resulted 
in  poorer  performance  (PWL  averaging  3  to  4  dB  greater). 

7.  Effect  of  Exhaust  Treatment:  The  choice  of  sound¬ 
attenuating  treatment  in  the  exhaust  system  influences  the  sound 
power  entering  the  burner  room,  especially  at  low  frequencies. 
F’igure  7.6.15  illustrates  this  effect.  Low  burner-room  levels 
can  be  obtained  only  if  the  augmenter  tube  has  a  lining  which 
effectively  absorbs  the  jet  noise  generated  within  its  passage. 
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FIG.  7.6.15.  EFFECT  OF  DIFFERENT  EXHAUST  TREATMENTS  ON  SOUND 
POWER  LEVEL  IN  THE  BURNER  ROOM:  T-r  =  3300°R, 


Note  that  with  respect  to  burner- room  noise  levels  the  stack- 
and-baffle  exhaust  treatment  is  practically  equivalent  to  the 
unlined  augmenter  tube  alone.  This  result  is  not  surprising 
since  both  configurations  have  a  long  unlined  augmenter,  and 
sound  energy  can  be  reflected  back  into  the  burner  room  from  the 
end  of  the  unlined  section. 

8.  Miramar  and  BBN  Augmenters  vs  Stack  with  Baffles:  With 
regard  to  burner-room  noise  levels,  the  two  lined  augmenters  are 
equivalent..  However,  for  the  stack-and-baf f le  configuration, 
burner-room  noise  is  considerably  higher  at  low  frequencies  than 
that  measured  for  the  two  configurations  using  the  lined  augmenter 
tube  (see  Fig.  7.6.15).  This  result  is  partly  due  to  the  lack  of 
attenuation  of  the  parallel  baffles  at  low  frequencies  and  to  the 
absence  of  any  attenuation  between  the  location  where  low-frequenc 
noise  is  generated  and  the  augmenter  inlet. 

Exhaust-Room  Data 

In  a  manner  similar  to  that  used  in  the  burner  room,  we 
measured  the  1/3-octave  band  PWL  spectra  in  the  exhaust  room  for 
all  runs  and  calculated  the  difference  between  the  free  jet  PWL 
(obtained  from  the  jet  survey)  and  the  exhaust  room  PWL.  Thig. 
difference  in  sound  power  level  (APWL),  which  characterizes  the 
acoustic  performance  of  the  exhaust  conf irurations  tested,  is 
discussed  below: 

1.  BBN  Augmenter  with  Ramp:  The  APWL  achieved  with  the 
72-i n .-long  BBN  augmenter  in  combination  with  a  ^5°  ramp 
having  a  solid  backing  is  plotted  in  Fir.  7.6.16  for  =  2, 

F-14  position,  and  nozzle  distance  =  4  In.  as  a  function 
of  frequency  with  the  temperature  as  parameter.  (The  solid- 
backed  ramp  was  a  model  of  the  Miramar  full-scale  ramp;  the  solid 
backplate  was  used  in  all  runs  with  the  ramp  except  those  dis¬ 
cussed  in  paragraph  2  below.)  Generally,  APWL  increases 
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FIG.  7.6.16.  APWL  FOR  72-in.  BBN  AUGMENTER  WITH  45° 

RAMP,  F-14  POSITION,  A w  =  2 ,  Xw  =  4  in. 


with  increasing  frequency  up  to  10  kHz  after  which  it  tends  to 
level  off.  The  high-temperature  runs  provide  substantially 
higher  APWL  than  the  run  at  ambient  temperature,  because  beneficial 
temperature  gradients  in  the  aup;raenter  tube  passage  bend  the 
originally  axially  oriented  sound  waves  toward  the  sound  absorbing 
wall  lining.  The  two  high-temperature  runs  (2 300°R  and  3300°R) 
yield  almost  the  same  APWL.  The  AFWL-vs-frequency  curves  obtained 
for  the  A ,j  =  3  runs  with  an  exhaust  configuration  identical  to 
the  above  are  plotted  in  Pip;*  7-6.17.  For  this  higher  pressure 
ratio,  the  APWLs  measured  for  ambient  and  high-temperature  runs 
show  little  variation.  We  do  not  have  a  satisfactory  explanation 
for  this  behavior  at  present.  Comparing  Pip,.  7-6.1?  with  Pip. 
7-6.16  shows  that  the  APWL  is  somewhat  lower  for  the  A =  3  runs 

i'i 

than  for  the  A^  =  2  runs,  except  for  the  ambient  temperature  run 
where  the  higher  jet  velocity  may  create  higher  flow  velocity 
gradients,  which  provide  an  increased  degree  of  beneficial  re¬ 
fraction  of  sound  toward  the  lining. 

2.  BBN  Augmenter  with  Porous-Backed  Ramp:  To  evaluate 
whether  or  not  the  acoustical  performance  of  the  exhaust  system 
can  be  improved  by  making-  the  air  cavity  behind  the  ramp  acousti¬ 
cally  useful,  we  removed  the  solid  backing  of  the  ^5°  ramp  and 
repeated  the  A^  =  2  runs.  Figure  7.6.18  gives  the  results  of 
these  runs.  Comparing  Pig,.  7.6.18  to  Fig.  7-6.16  shows  that 

the  porous  ramp  provides  1-dB  to  3-dB  higher  APWL  at  low  and  mid 
frequencies  than  the  ramp  with  solid  backing. 

3.  BBN  Augmenter  Without  Ramp:  The  APWL  obtained  with  the 
72-in.  BBN  augmenter  without  the  ramp  for  A ^  =  2  is  plotted  in 
Fig.  7-6.  IQ.  Figure  7.6.20  compares  the  data  of  Figs.  7-6.16 
and  7-6.19-  Mote  t.hat  for  the  high-temperature  runs  the  presence 
of  the  ramp  increases  the  APWL  in  the  frequency  range  from  600  Hs 
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FIG.  7.6.18.  APWL  FOR  72-in.  BBN  AUGMENTER  WITH  45°  POROUS-BACKED 
RAMP:  F- 14  POSITION,  *N  =  2,  XN  =  4  in. 
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to  3000  Hz  and  decreases  it  above  3000  Hz.  This  decrease  of  APWL 
at  high  frequencies  is  probably  caused  by  an  increase  in  self¬ 
generated  noise  due  to  the  distortion  of  the  ■'  ow  profile  by  the 
ramp.  For  ambient  temperature  runs,  the  prt:s<;  oe  of  the  ramp 
decreases  APWL  in  the  entire  frequency  rerion.  For  these  runs 
at  high  mass  flow  rate,  APWL  is  evidently  controlled  by  self¬ 
noise  . 

4 .  Effect  of  Nozzle  Radial  Position:  Figure  7.6.21  shows 
the  effect  of  the  radial  position  of  the  nozzle  on  APWL  for  the 
72-in. -long  BBN  augmenter  without  the  exit  ramp.  It  is  expected 
that  the  relative  differences  would  be  approximately  the  same  with 
the  ramp  installed.  The  measured  data  indicate  that,  except  for 
the  very  low  frequencies,  the  shift  from  the  center  to  the  F—  1  ^4 
position  decreases  APWL  on  the  average  of  3  dP.  This  decrease 

is  due  to  a  less  beneficial  refraction  pattern  for  the  sound 
energy  radiating  toward  the  far  wall  which  is  not  compensated  for 
fully  by  the  gain  due  to  decreased  distune-  to  th«-  near  wall. 

In  addition,  the  increase  in  the  peak  velocity  of  the  flow  exiting 
the  augmenter  tube  because  of  the  asymmetry  of  nozzle  position 
may  also  increase  the  self-noise.  One  cannot  determine  from  the 
data  which  of  these  mechanisms  is  the  controlling  one. 

5.  Effect  of  Nozzle  Axial  Position:  Figure  7-6.22  shows  the 
effect  of  changing  X^,  the  axial  position  of  the  nozzle,  on  the 
APWL  of  the  72-in.  BBN  lined  augmenter  with  45°  exit  ramp.  APWL 
increases  with  increasing  because  less  acoustic  energy  enters 
the  augmenter;  instead,  the  energy  enters  the  burner  room  (see 
Fig.  7-6.14). 

6.  BBN  vs  Miramar  Lining:  Figure  7.6.23  compares  APWL  of 
the  72-in.  BBN  augmenter  with  that  of  the  72-in.  Miramar  augmenter. 
Both  augmenters  were  tested  in  combination  with  a  45°  hard-backed 
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FIG.  7.6.21.  APWL  FOR  DIFFERENT  RADIAL  POSITION  OF  THE  NOZZLE 
72-in.  BBN  AUGMENTER  WITHOUT  45°  RAMP,  Tj  =  230( 
*N  =  2,  XN  =  4  in.  N 


231 


» 


APWL  (cIB) 


FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hi) 

31  5  63  125  2 


10.5  in. 


©30  IZ50  2500  5000  10,000  2Q000 

MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


G.  7.6.22.  APWL  FOR  DIFFERENT  AXIAL  POSITIONS  OF  THE  NOZZLE: 

72-in.  BBN  AUGMENTER  WITH  45°  RAMP,  F- 74  POSITION, 
Tt  =  3300°  R ,  \u  =  2. 
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exit  ramp.  The  nozzle  was,  in  both  eases,  at  the  F-lU  position 
at.  an  axial  distance  of  J!  in.  and  operated  at  pressure  ratio  of 
2  at  3 3 0 0  °  R .  The1  Fi B N  augmenter  provided  higher  attenuation  at 
frequencies  up  to  U  kHz.  than  the  Miramar  augmenter,  because  of 
lower  total  flow  resistance  of  the  BBN  lining.  Above  4  kHz,  the 
Miramar  augmenter  provided  a  slightly  higher  APWL.  The  slightly 
lower  performance  of  the  BBN  augmenter  at  high  frequencies  is  most 
likely  due  to  the  difference  in  alignment  between  the  12-in. -long 
augmenter  sections.  While  tin?  Miramar  augmenter  was  hardly  used, 
the  BBN  augmenter  had  been  exposed  to  a  large  number  of  high- 
teinperature  runs,  many  of  them  with  axial  and  radial  misalignment, 
prior  to  these  comparison  tests.  This  exposure  to  a  hostile 
environment  caused  some  buckling  of  the  protective  surface  re¬ 
sulting  in  misalignment  between  the  sections  and  thereby  may  have 
caused  increased  self-noise  at  high  frequencies. 

7.  Effect  of  the  Liner's  Axial  Position  on  APWL:  To  obtain 
information  about  the  optimal  location  of  lined  sections  within 
a  long  hard-walled  augmenter  tube,  the  APWL  was  determined  for 
a  single  12-in. -long  lined  augmenter  section  of  BBN  design, 
positioned  at  various  distances  from  the  entrance  of  :  !?•■  hard  aug¬ 
menter  tube  which  terminated  into  a  45°  exit  ramp.  The  total 
length  of  the  augmenter  tube  was  always  72  in.  (i.e.,  12-in.  lined 
and  60-in.  hard).  Figure  7.6.2^  shows  the  APWL-vs-frequency 
curves  obtained  from  these  tests.  As  expected,  the  positions 
near  the  augmenter  intake  are  most  effective  in  attenuating 
high- frequency  jet  noise,  which  is  generated  near  this  location, 
but  least  effective  In  attenuating  low  frequencies,  which  are 
generated  at  locations  further  downstream.  The  lined  section 
placed  far  downstream  of  the  augmenter  intake  is  effective  in 
attenuating  low  frequencies  but  less  effective  in  dealing  with 
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FIG.  7.6.24.  APWL  FOR  12-in.  SECTION  OF  AUGMENTER  WITH  BBN  LINER 
AT  VARIOUS  POSITION  IN  THE  60-in.  HARD-WALLED  AUG¬ 
MENTER  WITH  45°  RAMP:  F- 14  POSITION,  Tt  =  3300°R, 


high  frequencies.  The  best  balance  between  attenuation  at  high 
and  low  frequencies  was  obtained  by  positioning  the  center  of  the 
lined  section  18  in.  downstream  of  the  augmenter  intake.  This 
distance  is  approximately  seven  nozzle  diameters  from  the  exit 
of  the  nozzle. 

8.  Effect  of  Lined  Augmenter  Tube  Length:  To  evaluate  the 
effect  of  the  length  of  the  lined  augmenter  tube  on  APWL,  we 
tested  three  different  lengths,  all  with  a  45°  exit  ramp,  with 
the  nozzle  at  the  F-l4  radial  position  and  at  an  axial  distance 
of  4  in.  upstream  of  the  augmenter  intake,  with  a  pressure  ratio 
of  2,  and  at  3300°R.  Figure  7.6.25  shows  the  measured  APWL 
values  as  a  function  of  frequency  for  these  three  tube  lengths. 

At  low  frequencies  (below  1250  Hz  1/3-octave  band),  where  the 
wavelength  of  sound  is  large  compared  with  the  cross-sectional 
dimension  of  the  passage,  the  attenuation  in  dB  increases  roughly 
linearly  with  augmenter  tube  length.  At  1280  Hz,  the  low-frequency 
attenuation  is  expected  to  reach  its  peak  value  because  the  average 
depth  of  the  airspace  behind  the  lining  roughly  corresponds  to 
one-quarter  of  the  wavelength.  In  this  frequency  region,  the 
attenuation  per  unit  length  corresponding  to  half  the  height  of 
the  open  passage  ( 0 . h  ft  in  our  case)  is  approximately  2  dB. 
Accordingly,  we  would  expect  to  achieve  attenuation  values  of 

20  dB,  30  dB,  and  40  dB  for  the  4-ft,  6-ft,  and  8-ft  long  aug¬ 
menter  tubes,  respectively.  Figure  7.6.25,  at  1250  Hz,  shows 
20-dB,  29-dB,  and  37.5-dR  attenuat ions ,  which  correspond  reason¬ 
ably  well  to  the  expected  values. 

9.  Stack  with  Baffles:  As  an  alternative  to  the  lined  aug¬ 
menter  tube  and  exit  ramp,  we  tested  a  model  configuration  con¬ 
sisting  of  a  60-in.-long  hard-walled  augmenter  tube  followed  by 

a  subsonic  diffuser,  hard  turning  vanes,  and  a  rectangular  stack 


with  parallel  baffles.  The  configuration  is  shown  in  Firs.  4.4.1 
and  4.4.2.  The  baffles  were  designed  to  simulate  a  full-scale 
installation  that  would  yield  approximately  85  dRA  at  250  ft  for 
one  enpine  of  an  F-14A  aircraft  operatinp  in  the  afterburning 
mode.  Accordingly,  this  configuration  would  be  useful  for  com¬ 
paring  the  performance  and  cost  of  various  alternative  exhaust- 
silencing  configurations.  The  stack-and-baf f le  configuration  was 
evaluated  at  =  2  for  three  different  temperatures.  The  APWL 
obtained  is  shown  in  Fig.  7.6.26;  it  is  lowest  for  the  ambient 
temperature  run  which  had  the  largest  mass  flow  and  highest  for 
the  3300°R  run  which  had  the  smallest  mass  flow.  The  protective 
fiber  metal  surface  was  observed  to  buckle  when  exposed  to  high 
temperature;  this  buckling  reduced  the  effective  width  of  the 
passage  between  the  baffles  and  may  thereby  have  increased  the 
sound  attenuation  of  the  silencer.  This  effect  may  be  partly 
responsible  for  the  higher  APWL  at  high  temperatures.  The  higher 
APWL  obtained  with  high-temperature  runs  may  also  be  due  to 
the  favorable  temperature  gradients,  the  increased  flow  resistance 
of  the  porous  material  in  the  lining,  and  the  increased  end 
reflection.  Comparing  Fig.  7.6.26  with  Fig..  7.6.16  shows  that 
the  APWL  obtained  with  the  stack-and-baf fie  configuration  is 
substantially  less  than  that  achieved  with  the  lined  augmenter 
tube  configuration  at  all  except  high  frequencies,  where  the  two 
configurations  yield  comparable  results. 

7.6.5  No-flow  tests 

Tests  of  the  attenuation  of  the  lined  augmenter  without  air 
flow  were  conducted  for  all  acoustically  treated  augmenter  con¬ 
figurations.  Measurements  were  made  by  placing  a  loudspeaker 
close  against  the  upstream  end  of  the  augmenter,  with  the  speaker 
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APWL  (dB) 


r 


FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


FIG.  7.6.26.  APWL  FOR  60-in.  HARD-WALLED  AUGMENTER,  SUBSONIC 

DIFFUSER,  TURNING  VANES,  STACK  WITH  BAFFLES:  F- 14 
POSITION,  XM  =  2,  XM  =  4  in. 


faced  directly  down  the  augment.er  ax  '  - ,  and  measuring  the  room- 
average  sound  pressure  level  SPl.  in  tne  exhaust  room,  usinr,  the 
same  instrumentation  as  was  used  during  the  jet  runs  (excluding 
the  tape-recording  system).  Immediately  after  this  measurement. 


an  ILu  was  run  in  the  exhaust  room,  and  the  SPL  was  again  measured 


this  allowed  correcting  the  SPL  measured  with  the  loudspeaker  for 
for  effects  of  temperature  and  humidity.  One  run  was  made  with  a 
60-in. -long,  unlined  obrourid  augmenter,  and  the  data  were  used  as 
the  baseline  from  which  attenuation  of  the  lined  ducts  was  cal¬ 
culated;  i.e.,  no-flow  attenuation  AL^F  =  SPL  (60-in.  unlined 


augmenter)  -  SPL  (lined  augmenter).  Results  are  shown  in  Pips 
7.6.27  through  7.6.30. 


Pi  pure  7.6.27  shows  attenuation  of  4-ft,  6-ft,  and  8-ft  long 
fully  lined  BBN  augmenters  without  the  45°  exit  ramp.  Attenuation 
at  high  frequencies  approaches  the  value  given  by 


L 


A 


ALNp  -  10  log  D^(i'5_a) 


In  the  absence  of  the  refraction  caused  by  hot  air  flow,  the  no¬ 
flow  attenuation  at  high  frequencies  is  significantly  less  than 
the  APWL  measured  for  jet  noise.  At  low  frequencies,  the  no-flow 
attenuation  is  greater  than  APWL.  The  reasons  for  this  are  not 
known  precisely,  but  they  are  probably  related  to  the  differences 
in  wavelength,  effective  flow  resistance,  acoustic  source  size, 
location,  and  directivity. 

Figure  7.6.28  shows  attenuation  for  the  same  augmenters  as 
for  Fig.  7.6.27,  but  with  the  addition  of  the  41°  exit  ramp. 
Attenuation  for  the  6-ft  and  8-ft  long  augmenters  is  essentially 
unaffected  by  addition  of  the  ramp  for  frequencies  of  1210  Hz 


ATTENUATION  ( dB  ) 


r 


FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


FIG.  7.6.27.  NO-FLOW  ATTENUATION  OF  FULLY  LINED  BBN  AUGMENTERS 
OF  THREE  DIFFERENT  LENGTHS  WITHOUT  45°  RAMP. 


ATTENUATION  ( dB  ) 


FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


FIG.  7.6.28.  NO-FLOW  ATTENUATION  OF  FULLY  LINED  BBN  AUGMENTERS 
OF  THREE  DIFFERENT  LENGTHS  WITH  45°  RAMP. 
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ATTENUATION  (dB) 


FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


FIG.  7.6.29.  NO-FLOW  ATTENUATION  OF  FULLY  LINED  72-in.  BBN  AND 
MIRAMAR  AUGMENTERS  WITH  45°  RAMP  AND  STACK-AND- 
BAFFLE  CONFIGURATION. 


ATTENUATION  ( dB  } 


FULL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 
31.5  63  125  250  500  1000 


MODEL-SCALE  ONE-THIRD  OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 


FIG.  7.6.30.  NO-FLOW  ATTENUATIONS  OF  12-in.  SECTION  OF  BBN  LINER 
AT  VARIOUS  POSITIONS  IN  60-in.  HARD-WALLED  AUGMENTER 
WITH  45°  RAMP. 
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and  below.  The  ramp  Increases  attenuation  by  approximately  10  dB 
at  high  frequencies. 

Figure  7-6.29  compares  attenuation  of  the  6-ft  BBN  and  Mira¬ 
mar  lined  augmenters  and  the  stack  with  baffles.  At  frequencies 
between  400  and  1000  Hz,  the  BBN  liner  provides  significantly 
greater  attenuation  than  the  Miramar  liner;  these  two  are  approxi¬ 
mately  the  same  at  higher  frequencies.  Both  the  BBN  and  Miramar 
liners  have  better  no-flow  attenuation  than  the  stack  with  baffles 
at  low  frequencies  and  worse  attenuation  at  frequencies  of  6300  Hz 
and  greater. 

Figure  7-6.30  shows  no-flow  attenuation  for  the  12-in. -long 
BBN  lined  augmenter  section  placed  at  different  axial  positions 
in  the  60-in.  hard-walled  augmenter  with  45°  exit  ramp;  also 
plotted  is  attenuation  for  the  60-in.  hard-walled  augmenter  with 
ramp  but  without  the  12-in.  lined  section.  The  attenuation  is 
nearly  independent  of  frequency  between  500  and  16,000  Hz.  At¬ 
tenuation  is  best  for  position  1  (closest  position  to  the  loud¬ 
speaker)  at  lower  frequencies,  probably  because  of  nearfield 
effects  close  to  the  speaker  face.  Excluding  position  1,  there 
is  not  apparent  preferable  location  for  the  augmenter  lining  in 
the  absence  of  refraction  induced  by  the  hot  flow. 
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7 .7  Conclusions 


7.7.1  Conclusions  from  Aerodynamic-Thermodynamic  Data 

1.  With  an  adequately  large  augmenter  cross-section  to  jet  nozzle 
throat  area  ratio,  A^/A^,  sufficient  cooling  air  can  be  pumped 
even  without  a  subsonic  diffuser. 

2.  Addition  of  a  subsonic  diffuser  increases  cooling  air  pumping  by 

about  50%  when  ^t/t  ,  =6.6. 

N  a  mb 

3.  The  test  data  show  a  consistent  drop  in  augmentation  ratio 

parameter  with  increased  jet  nozzle  to  ambient  temperature 
T 

ratio,  T,t/T  ,  ,  related  to  heat  exchange  from  the  jet  to 
1S1  a  mb 

the  pumped  flow . 

4.  Pumping  performance  at  =6.6  varied  no  more  than 

10%  over  the  tested  range  of  augmenter  length-diameter  ratio 
from  4  to  8  . 

5.  Augmenter  inlet  throttling  devices  and  changes  to  the  augmenter 
inlet  configuration  had  a  relatively  small  influence  on  augmenter 
pumping  performance . 

6.  Increasing  jet  nozzle  pressure  ratio,  from  2.0  to  3.0  had 

no  measurable  influence  on  augmentation  ratio  parameter,  other 
things  remaining  constant.  Also,  the  augmentation  ratio  para¬ 
meter  remains  relatively  constant,  even  down  to  jet  nozzle 
pressure  ratios  corresponding  to  idling. 

7.  The  augmenter  pumping  performance  was  slightly  higher  with 
the  rounded  and  conical  augmenter  entrance  configurations, 
than  with  the  sharp-edged  configuration. 

8.  At  a  nominal  augmenter  cross-section  to  jet  nozzle  throat  area 
ratio,  A^/Aj^,  of  25,  changing  from  a  round  to  an  aspect  ratio 
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1.7  obround  cross-section  decreased  pumping  10%.  Part  of  this 
decrease  resulted  from  the  change  from  a  hard-wall  to  a  porous 
sound-absorbing  wall. 

9.  With  the  obround  augmenter,  moving  the  jet  nozzle  centerline 

laterally  off-center  or  deflecting  it  laterally  toward  the  augmenter 
wall  resulted  in  decreased  pumping,  high  wall  temperatures  and 
increased  maximum  augmenter  exit  velocity.  At  an  orientation  corres¬ 
ponding  to  the  F-14A  configuration  (Y  =0.45,  a  =1°),  the  pumping 

P  s 

ratio  parameter  was  15%  lower  than  for  the  centered,  undeflected  jet 
orientation  and  the  maximum  sidewall  temperature  parameter  was 
over  100%  higher. 

10.  At  a  jet  nozzle  pressure  ratio  of  -2.0,  a  laterally  offset  jet 
tended  to  be  carried  closer  to  the  augmenter  sidewall,  while  at 

XN  =3.0,  the  jet  remained  on  the  nozzle  axis  with  a  corresponding 
reduction  in  jet  impingement. 

11.  The  addition  of  an  exit  ramp  to  the  obround  augmenter  caused  a  slight 
back-pressuring  of  the  augmenter  and  a  corresponding  reduction  in 
pumping  performance. 

12.  With  the  augmenter  plus  stack-and-baffles  configuration  increasing 
the  jet  nozzle  to  ambient  temperature  ratio  from  1.0  to  6.6  resulted  in 
a  45%  decrease  in  augmentation  ratio  parameter,  which  is  greater 
than  the  corresponding  decrease  which  occurred  with  the  augmenter 
alone . 

13.  For  typical  jet  aircraft  being  run  up  inside  of  a  Hush  House,  the  jet 
nozzle  base  pressure  will  bear  essentially  the  same  relationship  to 
Hush  House  interior  pressure  as  it  would  bear  to  barometric  pressure 
during  out-of-doors  operation;  that  is,  there  will  be  no  excess  pump- 
down  of  the  nozzle  base  pressure. 
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7.7.2  Conclusions  from  acoustical  tests 

1.  Kxhaust  noise  I't'om  the  ope  rat  1  nm  in  the  aftcrburn- 

iti  ■"  mode  in  ‘he  Mi  ramar  Hush  House  is  expected  to  meet,  the  85-dhA 
criterion  on  the  d'30-ft  radius,  except  possibly  in  a  narrow  rant'® 
of  directions  downstream  of  the  jet. 

f.  The  measured  data  indicate  that  one  can  predict  the  full 
scale  sound  power  spectra  of  a  jet,  if  jet  total  temperature, 
no  male  pressure  ratio,  and  no  ft  .ale  diameter  are  known. 

3.  The  1-hN-desi  r-ned  model  aummenter  lininm  provided  slirht] 
mreater  attenuation  than  the  Miramar  model  lininm;  both  lined 
aummenters  wore  acoustically  superior  to  the  vertical  stack  with 
parallel  baffles. 

lK  Hush  House  interior  noise  levels  due  to  jet  exhaust  in¬ 
crease  sirni  ficantly  as  t.ho  axial  distance  of'  the  jet  nestle  from 
the  aummenter  inlet  increases,  while  1  he  exterior  exhaust  noise 
levels  decrease  as  this  distance  increases. 

5 •  Significant  reduction  in  Hush  House  interior  noise  due 
to  jet  exhaust  can  be  achieved  by  acoustical  lininm  in  the  up¬ 
stream  end  of  the  aummenter. 

f.  Optimum  positions  for  installing  acoustic  lininm  in  the 
aummenter  to  reduce  exterior  exhaust  noise  levels  extend  from 
approximately  5  to  ?5  nor.r.lo  diameters  downstream  from  the  nor.s.le 
exit  plane. 

7.  Aeroacoustic  t.esi  s  showed  that  an  unlined  aummenter 
causes  a  sllmht.  decrease  in  jn  sound  power  levels  at  himh  fre¬ 
quencies  but  no  change  at  low  frenuenc i es .  The  acoustic  enermy 
of  the  free  jet  was  distributed  bef  weer,  two  rooms  eorrespondinm 


to  t  ho  Hush  House  interior  and  exterior;  most,  of  i  h<*  hi/'h-frequericy 
enemy  remained  in  the  interior*  and  the  sound  enemy  at  mid  and 
low  frequencies  was  transmitted  to  the  exterior.  The  particular 
distribution  of  energy  depends  strongly  on  the  axial  distance 
bet  ween  t  he  nozzle  exit  and  the  auttmenter  t  ube  ent  ry  plane. 


I 


P‘ 4  9 


/ 


Flu i Dyne  engineering  corporation 


8  .0  FULL-SCALE  TESTS  AT  NAS  MIRAMAR 


The  following  two  subsections  cover  the  recommended  aerodynamic/thermo¬ 
dynamic  and  acoustical  tests  on  the  full-scale  NAS  Miramar  Hush  House  with  an 
F-14A  installed.  The  purpose  of  these  tests  is  to  verify  the  general  operating 
acceptability  of  the  enclosure  and  to  provide  a  correllating  check  on  the  design 
calculations  for  the  full-scale  Hush  House  and  on  the  model  scale  data  presented 
in  this  report.  For  such  tests,  it  is  recommended  that  the  following  engine 
operating  conditions  be  run  and  data  recorded  for  each  condition: 


Test 

Port 

Starboard 

engine 

engine 

1 

idle 

idle 

2 

idle 

max. 
non  A/B 

3 

Idle 

intermediate  (analyze  data  before  proceeding) 
A/B 

4 

idle 

max . 

A/B 

5 

max. 

max . 

non  A/B 

non  A/B 

6 

max . 

A/B 

idle 

Runups  will  have  to  be  made  with  and  without  augmenter  rakes  so  that  acoustical 
data  can  be  obtained  which  is  free  of  rake  noise. 

8 . 1  Pressure,  Temperature  and  Flow  Measurements 

Measurement  of  outside  atmospheric  conditions  corresponding  to  each  test 
point  are  basic  to  the  full-scale  Hush  House  test  program.  These  measurements 
should  include: 


a  . 

barometric  pressure 

^amb 

b. 

air  temperature 

T 

a  mb 

A 
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c.  relative  humidity  (for  use  in  reducing  the  acoustical  data) 

d.  wind  velocity  (also  useful  in  interpreting  acoustical  data) 

e .  wind  direction 

Enough  measurements  should  be  made  on  the  Hush  House  itself  to  determine 
total  Hush  House  airflow,  Hush  House  interior  flow  conditions.  Hush  House  interior 
pressure,  augmenter  wall  pressure  and  temperature,  jet  mixing  progress  at  axial 
locations  corresponding  with  the  model  test  rake  locations,  ramp  surface  tempera¬ 
tures,  ramp  exit  total  pressures  and  aircraft  nozzle  base  pressure  (which  should 
also  be  obtained  free  field) .  The  following  list  represents  the  minimum  number 
of  measurements  required  to  make  the  required  determinations. 

1.  Inlet  baffle  surface  static  pressure,  P^n^et  (3) 

2.  Hush  House  interior  static  pressure,  P.  .  (2) 

interior 

P 

3.  Hush  House  interior  total  pressure  survey,  tjjovv  (3) 

4.  Augmenter  wall  static  pressure,  P  ..  (4) 

Wa  11 

5  .  Augmenter  cross-section  total  pressure,  total  temperature  surveys 
60  ft.  station  (10  P  ,  10  TT  total) 

90  ft.  station  (10  PT,  10  total  run  only  at  max.  A/B  condition) 

6.  Augmenter  wall  temperature,  P  ^  (9) 

7.  Ramp  surface  temperature,  Trgmp  (2) 

D 

8.  Ramp  exit  total  pressure  survey,  T  (4) 

ramp 

9.  Aircraft  nozzle  base  pressure,  (1) 

All  pressures  can  be  read  using  either  a  multi-tube  water  manometer  referenced 
to  barometric  pressure  or  an  accurate  guage.  Temperatures  can  be  determined 
using  iron-constantan  or  chromel-alumel  thermocouple  junctions  and  the  required 
support  equipment.  The  location  of  the  measurement  points  is  shown  on 
Figures  8.1-1  and  8.1-2. 
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FIGURE  ai-2.  ELEVATION  VIEW  OF  NAS  MIRAMAR  HUSH  HOUSE 

SHOWING  INSTRUMENTATION  LOCATION  FOR  CHECKOUT 
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After  reducing  the  raw  data  to  absolute  pressures  and  temperatures,  the 
following  additional  calculations  must  be  made  so  that  the  data  can  be  checked 
with  the  design  calculations  and  with  the  model  scale  test  results. 

Total  Hush  House  Air  Flow 


^inlet 

qinlet 

^inlet 

Winlet 


pinlet 


.00238  * 


^inlet 

^amb . 
std . 


x 


T 

a  mb . 
std . 
T 

a  mb . 


*  T 

Assume  for  every  condition  that  waircraft'  T^,  mw^  are  either  known 
engine  performance  data  for  the  aircraft,  or  can  be  readily  obtainable  by 
correcting  standard  day  engine  data  . 

9  •  # 

W  =  W  w 

pumped  inlet  aircraft 
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so 

ARP 


Wlnlet 

w 

aircraft 


mw 


N 


mw 


air 


Hush  House  Interior  Flow  Velocity 


Using  the  Hush  House  interior  pressure,  interior  '  and  the  tota* 
pressure  in  the  flow  approaching  the  aircraft,  ^T^qw,  calculate  the  Hush 
House  interior  flow  velocity, 


Vflow 


^interioP 

__ 


Check  to  see  if  V^QW  is  less  than  50  fps  and  Paml;j  -  interior  no  9reater 
than  2"  H2Q  . 


Augmenter  Wall  Static  Pressure 


Reduce  wall  pressures  to 
with  model  scale  results. 


Pwall 

Pamb 


and  plot  versus 


X* 


D 


AM 


to  compare 


Augmenter  Cross-Section  Total  Pressures  and  Total  Temperatures 

Reduce  total  pressures  to  PT/Pgmb  and  total  temperatures  to 


and  compare  applicable  points  with  model  scale  data. 


) 

i 


I 
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Au amenter  Wall  Temperatures 


Reduce  wall  temperatures  to 


Twallp 


T  -  T 
wall _ a  mb 


-  T 


LN 


a  mb 


and  plot  versus  -p—  for  comparison  with  model  scale  data  .  Also,  determine 
UAM  T  , 

miXp  from  calculated  ARP  and  known  TN/Tamb  and,  using  the  maximum 
wall  temperature,  calculate 


T 

wall  maxp 

T  . 
mix? 

T 

wall  max  p 

Calculate  Ypargm  for  the  test  conditions  and  plot  Tmix  versus  Yparam 

P 

for  comparison  with  model  test  results  and  to  predict  excessive  wall  temperature 
at  max  A/B  before  this  condition  is  run . 


Ramp  Surface  Temperature 


Reduce  to  ramp 


T  -  t 
ramp  a  mb 


-  T 


LN 


a  mb 


determine  if  T  is 
ramp 


T  x  T 

acceptable  and  compare  rampp  with  vvall  maxp  in  the  ugmenter. 


Ramp  Exit  Total  Pressure  Survey 

Reduce  to  /P  ,  and  compare  with  model  test  results  . 

ramp  a  mb 

Nozzle  Base  Pressure 


Reduce  nozzle  base  pressure  data  as  follows: 
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Note:  Checkout  testing  of  the  Hush  House  at  NAS  Miramar,  using 

an  F-14A  along  with  other  aircraft,  was  completed  while  this 
test  report  was  being  prepared.  Augmenter  pumping  performance 
augmenter  wall  temperatures,  etc.  corresponded  closely  to  the 
model  test  results  .  A  copy  of  the  memo  summarizing  the  full- 
scale  aerodynamic/thermal  test  data  is  bound  with  this  report. 
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8.2  Acoustical  Evaluation  of  the  Miramar  Full-Scale  Exhaust 

Silencer 

f>ince  completion  of  the  Full-fcule  Mi  ramar  Hush  House  [  A  -  5  ]  > 

M  has  carried  out  a  do*  ailed  ten*  nrorram  to  evaluate  the  acous¬ 
tical  performance  of  the  full-scale  exhaust  system.  The  objec¬ 
tives  of  this  program  were  to: 

1.  provide  a  data  base  to  compare  the  acoustical  performance 
of  the  full-scale  exhaust  system  with  that,  predicted  on  the  basis 
of  the  scale -model  study,  and 

? .  provide  information  rerardin."  the  directivity  of  the 
sound  radiation  from  f he  exhaust  plane. 

8.2.1  Measurement  set-up 

Measurements  of  sound  pressure  levels  in  1 /3-octave  bands 
from  ?5  Hr,  to  1  0,000  Hr  and  of  /.-weighted  sound  levels  were  ■•ad-- 
at  each  of  20  microphone  positions  around  thr  jet  exit  ramp,  as 
shown  in  Fir.  8.2.1.  These  positions  were  close  enough  to  the 
exhaust  exit  that  the  measured  level s  were  not  likely  to  be  af¬ 
fected  by  other  noise  sources.  However,  the  Ji0-ft  measurement 
positions  were  in  the  far  field  of  the  source  and  could  be  used 
to  extrapolate  the  sound  levels  to  positions  on  the  25'’-ft  radius, 
thus  enabling  a  determination  of  whether  the  exhaust  noise  ns 
dominant  at  these  positions.  Measurement  points  r> ,  in,  1  r  ,  and 
20  at  the  perimeter  of  the  exhaust  box  provided  in forma’ i on 
about  the  source  location  of  the  exhaust  noise.  All  masuremen*  r 
were  made  with  one  on-tine  of  the  F-lUA  aircraft  opera1  i  nr  at 
maximum  al't -  rburner  porn-  and  t  he-  t  ie  :•  ••i.mine  a*  !/> 

tions,  such  as  pressuro-temperat  uro  rakes,  were  in  the  an  *mcnt  or 
*  ube  or  on  the  exit  ramp  durinm  a  const  i  c  measurement  r  . 
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FIG.  8.2.1.  MICROPHONE  POSITIONS  FOR  THE  aCOUSTIC  EVALUATION 
OF  THE  MIRAMAR  EXHAUST  SILENCER. 
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8.2.2  Measured  data 
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Arreement  between  the  measured  and  predicted  spectra  !  ;•  sat  1  :jf?to- 
t  ory . 

The  sound  pressure  levels  measured  m  different  anrler, 
around,  the  exhaust  box  were  also  used  t.o  calculate  the  directiv¬ 
ity  index  of  the  exhaust,  noise  for  the  F-!  A  A  with  one  enrin<- 
runninr  •n>*  "'nxirnum  afterburner.  The  results  were  presented  in 
Table  ?.3.3  ->nd  are  repeat  ed  in  Table  8.  .‘.I.  The  anrle,  <p ,  is  de 
fined  as  beinr  0°  in  the  downstream  direct  ion  and  increases  to¬ 
ward  the  side  of  the  exhaust  box  correspond i  n •*  to  the  enrine 
which  is  runnin.it  in  maximum  afterburner.  Thus  the  anrle,  4> ,  in¬ 
creases  clockwise  (look! nr  down)  if  the  port,  engine  is  running 
and  counterclockwise  if  the  starboard  enrine  is  rut.  inr. 

TABLE  8.2.1.  DIRECTIVITY  OF  THE  MIRAMAR  EXHAUST  FOR  F-14A  WITH 
ONE  ENGINE  IN  MAXIMUM  AFTERBURNER. 


Direction 

OCTAVE  BAND  CENTER  FREQUENCY  (Hz) 
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c. 

— 

In  addition  to  the  PPM  measurements,  KAFC-Lakehurst  measured 
sound  pressure  levels  at  14  points  on  the  d^O-ft -radi us  circle. 
The  A-weirht.ed  sound  levels  that  they  measured  in  the  downstream 
half-circle  for  the  port  enrine  runninr  are  presented  in  Fir.  8. 
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With  the  starboard  engine  running,  the  levels  would  appear  as  the 
mirror  image  of  those  plotted  in  Fir.  8.?.h. 

The  analysis  of  t.he  sound  pressure  levels  measured  at  differ¬ 
ent  distances  around  the  stack  of  the  full-scale  Miramar  Hush 
House  indicates  that  the  noise  emanating  from  the  exit  plane  gen¬ 
erally  controls  the  noise  levels  measured  in  the  downstream 
quarter-circle  at  2 50  ft.  However,  at  frequencies  below  100  Hr. 
the  spectral  levels  measured  at  ?50  ft  are  higher  than  would  be 
expected  on  the  basis  of  data  obtained  at  40  ft,  assuming  hemis¬ 
pherical  spreading.  This  result  implies  that  at  frequencies  be¬ 
low  100  Hz  there  is  another  yet  unidentified  source  controlling 
the  noise  levels  at  both  the  40-ft  and  the  140-ft  locations. 

Since,  in  this  case,  the  spectral  levels  at  these  low  frequencies 
do  not  influence  the  A-weighted  sound,  this  effect  is  of  no  con¬ 
sequence.  However,  if  the  noise  criterion  is  stated  in  another 
form  that  puts  more  emphasis  on  low  frequencies  than  the  A- 
weighted  sound  level  does,  the  contribution  of  this  source  may 
prove  to  be  of  interest. 

The  analysis  of  the  data  recorded  near  i he  edge  of  the  ex¬ 
haust  box  shows  that  the  highest  nearfield  sound  pressures  were 
measured  on  the  side  that  corresponds  to  the  aftorburni nr  engine 
of  the  aircraft  under  test,  the  maximum  bein'  measured  at  the  top 
edge  of  the  ramp.  This  location  of  the  moneyed  maximum  near¬ 
field  pressures  corresponds  to  the  location  of  the  maximum  local 
exit  velocity,  which  is  the  likely  location  of  ’he  source  of  the 
self-generated  noise. 

The  exit  flow  from  the  augmenter  tube  is  deflected  upwards 
by  the  45°  ramp.  The  exhaust  flow  along  this  ramp  resembles  a 
wall  jet  which,  when  it  reaches  the  ton  of  the  ramp,  creates 
trailing-edge  aerodynamic  noise.  The  microphone  measures  the 
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sum  of  the  aerodynamieally  generated  trail i ng-edge  noise  and  the 
engine  noise  attenuated  by  the  lined  augmeriter,  and  there  is  no 
easy  way  to  separate  their  relative  contributions  to  the  farfield 

I 

noise.  However,  there  are  some  limited  data  available  for  the  i 

prediction  of  the  aerodynamieally  generated  t railing-edge  noise 
[A-6l  of  a  wall  jet  in  the  characteristic  decay  region,  if  the 
flow  speed  and  the  boundary  layer  thickness  are  known.  Although 
we  cannot  assume  that  the  degree  of  turbulence  and  the  pressure 
gradients  in  the  wall  jet  experiments  of  Ref.  A-6  are  fully 
representative  of  the  conditions  of  the  ramp  exit  flow  of  the 
full-scale  Miramar  Hush  House,  it  is  still  useful  to  attempt  a 
prediction  of  the  self-noise  on  the  basis  of  these  idealized 
conditions . 

Since  the  aerodynamieally  generated  trailing-edge  noise  in-  I 

creases  with  the  sixth  power  of  the  flow  velocity,  the  peak  exit 
velocity  is  weighted  heavily  against  the  average.  Accordingly, 
if  one  assumes  an  "effective"  ramp  flow  velocity  of  U  ^  =  400  ft/ 
sec  and  a  boundary  layer  thickness  of  6  =  1.25  ft,  the  prediction 
scheme  of  Ref.  A-6  yields,  for  a  location  140  ft  downstream  of 
the  exhaust  stack,  the  predicted  self-noise  spectrum  shown  in 
Fig.  8.2.6.  For  comparison,  we  also  show  the  octave-band  spectra 
of  the  sound  pressure  levels  measured  at  the  same  location  for 
the  full-scale  Miramar  Hush  House. 

Although  the  choice  of  400  ft/sec  "effective"  flow  velocity 
is  somewhat  arbitrary  and  the  noise  prediction  scheme  strictly 
applies  only  to  a  wall  jet  on  a  flat  plate,  this  exercise  again 
points  out  that  level  of  the  aerodynamieally  generated  noise, 
although  not.  dominant,  may  be  only  slightly  below  the  level  of 
the  attenuated  aircraft  noise.  because  of  the  sixth-power  depend¬ 
ence  of  the  aerodynamic  noise  on  the  local  flow  velocity,  in 
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COMPARISON  OF  THE  MEASURED  EXHAUST 


situations  where  hirhor  exit,  velocities  are  called  for  or  stricter 
noise  criteria  must  be  met,  the  self-noise  may  be  a  controlling 
factor.  Our  knowledge  of  the  self-noise  is  very  limited  at  pre¬ 
sent;  it  is  therefore  recommended  that  systematic  self-noise 
investigations  be  conducted. 
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Engine  Noise  Suppression  System  -  Summary  cf  Full-Scale 
Aerodynamic  and  Thermal  Data  from  the  NAS  Miramar  Hush 
House  Checkout  Tests 


This  memo  summarizes  the  aerodynamic  and  thermal  data  from  the 
checkout  testing  of  the  full-scale  NAS  Miramar  F-14  Hush  House  and 
relates  the  test  results  to  the  Hush  House  design  calculations  and 
to  the  results  of  the  1/15  scale  model  tests.  The  full-scale 
acoustical  data  are  included  in  the  portion  of  the  model  study 
report  provided  by  Bolt,  Beranek  and  Newman,  Incorporated  and 
they  will  not  appear  separately. 
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Table  1  presents  the  raw  basic  data  taken  during  the  initial 
checkout  tests  in  early  August,  1975.  In  the-  cases  of  Hush  House- 
inlet  pressure  and  interior  pressure,  the  values  presented  represent 
the  average  of  pressures  taken  at  more  than  one  location. 


TABLE  1.  RAW  BASIC  DATA  FROM  INITIAL 
NAS  MIRAMAR  HUSH  HOUSE  TESTS 
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Figure  1  shews 
total  pressure 
F--14A  obtained 


the  location  of  maximum  total  temperature  and  maxim  or. 
in  the  Miramar  auyn. enter  exit  cross-section  with  the 
during  the  9-23-75  test,  using  a  rake. 


location  or  rvisy  iraum 
total  pressure 
( T  f.'.?  0°  F ,  t  --  --- 1 9  in.  H20) 


location  of  r.  ay.  i  a.:; 
total  i  a  tore 
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He ‘h  House  okeeknu.  i  o.vtr.  or  r  t-v‘-;;orb'- •  •  nr  t.:.  • 
Section  5.1  oi.  the  model  lor.'  report  v;i*. !.  two 
craft  no  ox  3  ^  huso  projiSO"'.;  fas  no4,  i.  easet  ad  an 
oy.'.i.  tr.U.i  pur;::’)  o  roir>.  the  de tv;  which  von  c 


analyzed  to  ia-Aate  >.i  to  the  Hunk  House  design  and  io  L: 
mod e  1  t e r. t.  res u  It  s  , 


Hush  Ho’ i  nter  i or  i  rossiu. ° 

The  /  !i  ternr  Jit:  oh  House  air  inlet  was  sirred  r,o  that  t  a  t 
House  interior  pressure  depression  would  not  exceed  2  ”  a  ■  v  v  :  •  . 
tioi\  with  the  1-1413  having  both  engines.  in  r.vr: ir-.um  i  on-a f - i  u  i. 
(KTI.)  power  setting.  Since  the  F-3.4B  aircraft  is  not  in  sarvie, 
the  Hush  House  was  chocked  out  using  the  F-14A.  W  j  t  h  hot  i)  e,.:.  va  c 
in  military  power  setting,  the  Hush  House  interior  pressure  v.  s-r  .  ‘ r. 
"HjO  ga go,  which  indicates  reasonable  agreement  with  the  design  c-j  o 
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Total  Hush  House  Inlet.  Ai.r  Flov  Rate 


In  order  to  check  the  effective  area  of  the  Hush  House  air 
inlet  and  verify  the  pumping  performance  data  from  the  1/15  scale 
model  test  program,  the  total  hush  House  inlet,  air  flov;  rate  was 
calculated  using  throe  independent  methods  and  the  results  compared. 

For  method  one,  t  ho  air  f  lov;  rate  v.’us  calculated  by  applying 
the  1/15  scale  model  test  results  prose  nt  ed  in  Recti  on  2.1  of  the 
modal  test,  report,  in  conjunction  v.i  i:h  vhc  ni’ craft  data  and  t  h<  full 
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In  some  cases,  the  estimate  required  a  considerable  extrapolation  of 
model  test  data  (the  A~4  v/ith  Aa/AnT  -  102,  for  instance)  . 
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The  second  mass  flow  rate  estimate  was  made  using  the  289  rq.  ft. 
effective  inlet  area  (315  f>q.  ft.  geometric)  assumed  for  the  Hush  House 
inlet  design,  along  with  the  static  pressure  measured  at  this  area 
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The  third  and  final  inlet  mass  flow  rate  estimate  war,  made  on 
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With  the  exception  of  one  questionably  high  estimated  velocity,  the 
resulting  velocities  correspond  properly  with  the  estimated  Kush  House 
air  flow  rates  listed  in  Tables  3,  4  or  5.  The  Miramar  Hush  House 
air  inlet  was  designed  to  limit  the  Hush  House  interior  flow  velocity 
to  50  feet  per  second  with  an  F-14B  having  both  «_•;  its  engines  in 
maximum  military  power  setting.  The  resulting  68.4  feet  per  second 
with  the  F-14A  in  that  power  setting  indicates  more  flow  separation 
from  the  inlet  turning  vanes  and  door  dividing  panels  than  was 
assumed  during  design.  While  this  higher  than  desirable  velocity 
doesn't  pose  any  serious  operating  problems,  an  attempt  will  be  made 
to  lower  this  velocity  in  subsequent  Hush  House  designs. 

Augmenter  Axial  Pressure  Distribution 

The  augmenter  wall  pressures  listed  in  Table  2  were  reduced  to 
P/Pamb  and  plotted  with  the  model  test  results  on  model  test  rfcr^rt 
Figure  7.2-9.  The  full-scale  and  model  test  results  correspond 
satisfactorily. 


FIGURE  7.2-9.  L0NGITU0INAL  SHELL  PRESSURE  DISTRIBUTION  FOR  THE 
'  0BR0UN0  AUGMENTER  WITH  AND  WITHOUT  EXIT  RAMP. 
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LONGITUDINAL  SIDEWALL  TEMPERATURE  DISTRIBUTION 
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The  full-scale  total  pressure  and  total  temperature  values  were 
reduced  to  ^T^amb  anc^  TP'  resPectively ,  and  the  results  are 
compared  to  the  model  scale  projections  for  each  location  in  Table  7. 
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